Reduction of exposure of cyclists to urban air pollution by Santamaria-Ulecia, J.M. (Jesús Miguel) et al.
With the contribution 




REDUCTION OF EXPOSURE 
OF CICLYSTS TO URBAN 
AIR POLLUTION




Integrated Laboratory for Environmental Quality (LICA). University of 
Navarra.
Authors
Jesús Miguel Santamaría1, Arturo Ariño2, Bienvenido León3, Eladio Llorente4, 
Fernando Martín5, Juan José Pons6, Alberto Martilli5, Carolina Santamaría1, 
Cristina Sánchez3, Christian Oltra7, David Elustondo1, David Galicia2, Eloi 
Moya7, Enrique Baquero2, Esther Lasheras1, Esther Rivas5, Héctor Calvete5, 
Héctor García5, Ignacio González5, Jordi Puig2, José Luis Santiago5, Miguel 
Barnó4, Miriam Serrano6, Rocío Alonso5, Roser Sala7, Sergi López7, Sheila 
Izquieta1, Susana Elvira5, Victoria Bermejo5 y Yolanda Lechón5.
1  Laboratorio Integrado de Calidad Ambiental (LICA). Universidad de Navarra
2 Departamento de Biología Ambiental. Universidad de Navarra
3 Facultad de Comunicación. Universidad de Navarra
4 Gestión Ambiental de Navarra. GAN-NIK
5 Departamento de Medio Ambiente. Centro de Investigaciones Energéticas Medio Ambientales y 
Tecnológicas (CIEMAT)
6 Departamento de Historia, Historia del Arte y Geografía. Universidad de Navarra
7 Centro de Investigación Socio Técnica (CISOT). Departamento de Medio Ambiente. CIEMAT
3This project was financed by the European LIFE13 ENV/ES/000417 Programme
Involved partners: 
Co-financer:
© Jesús Miguel Santamaría, Arturo Ariño, Bienvenido León, Eladio Llorente, Fernando Martín, Juan 
José Pons, Alberto Martilli, Carolina Santamaría, Cristina Sánchez, Christian Oltra, David Elustondo, 
David Galicia, Eloi Moya, Enrique Baquero, Esther Lasheras, Esther Rivas, Héctor Calvete, Héctor 
García, Ignacio González, Jordi Puig, José Luis Santiago, Miguel Barnó, Miriam Serrano, Rocío Alonso, 
Roser Sala, Sergi López, Sheila Izquieta, Susana Elvira, Victoria Bermejo y Yolanda Lechón.
Design: Juan Boronat
ISBN: 978-84-947947-7-3
Registry number: NA 2920-2017
Printed in Pamplona, December 2017
G U I D E  B O O K  |  REDUCTION OF EXPOSURE OF CICLYSTS TO URBAN AIR POLLUTION
Preface
 Contents
 The LIFE+RESPIRA project
1. Sustainable cities?
 Urban Life and Nature: a cultural interpretation of the LIFE+RESPIRA project
2. Exposure of citizens to air pollution
 The exposure of cyclists to urban pollution
 Inhalation of pollutants by cyclists
3. The role urban vegetation plays on the quality of air
 The effects of urban and peri-urban vegetation on air quality
4. High resolution models to assess air quality
 Modelling of air quality in Pamplona and measures to improve it
5. Impacts of urban pollution
 Social perception of air pollution
 Economic valuation of the impacts caused by air pollution
6. Urban sustainability and mobility
 Depiction of the cycling mobility in Pamplona
7. Environmental communications and education
 LIFE+RESPIRA: a crossmedia communications campaign





This book collects the main outcomes that were generated during the implementation of the 
LIFE+RESPIRA project (LIFE13 ENV/ES/000417), carried out in the city of Pamplona, Nava-
rra, Spain. The research was conducted by a cross-functional team made up of more than 30 
researchers belonging to three entities: The University of Navarra, the Centre for Energy, 
Environmental and Technological Research (CIEMAT) and Environmental Management of 
Navarra (GAN-NIK).
This book, which has been published in both Spanish and English, is divided into seven chap-
ters: 
1. Sustainable cities?
2. Exposure of citizens to air pollution.
3. The role urban vegetation plays on the quality of air. 
4. High resolution models to assess air quality. 
5. Impacts of urban pollution. 
6. Urban sustainability and mobility. 
7. Environmental communications and education.
This book aims to serve as a useful guide, providing a set of tools for scientists, managers and 
citizens, to improve the quality of life in our cities.
In addition, it intends to pay personal tribute to the cycling volunteers who participated 
in this project. They were the real creative force behind this, thanks to their wholehearted 
commitment for more than two years, providing us with a tremendous amount of data on air 
quality in the city of Pamplona. Our sincere thanks go to them.
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8The LIFE+RESPIRA project
In addition to this general objective, LIFE+RESPIRA has the 
following specific aims:
To measure the levels of pollutants inhaled by cyclists in real 
traffic conditions during their daily commute and evaluate the 
potential risk on their health. 
To monitor the effectiveness of the implementation of certain 
cutting-edge technologies in real-life conditions and to obtain 
transferable conclusions which can be applied to other cities with 
similar characteristics. 
To develop a mathematical model that allows extrapolating the 
results in order to improve the air quality control strategies and to 
contribute to the development of sustainable cities. 
To compile small-scale pollutant distribution maps, close to real 
conditions, which aim to improve urban planning and manage-
ment in different areas.
To develop a route planner which allows citizens to choose the 
healthiest route in terms of the current level of air pollution. 
To assess the environmental, social and economic benefits of using 
bicycles as a means of transport in the city. 
To engage citizens through an outreach campaign into the project 
development, making them the main drivers and enabling cons-
ciousness about their responsibility in air quality and in their own 
health. 
To inform and educate and raise awareness about the air quality 
issues, promoting the development of more sustainable cities.
Jesús Miguel Santamaría
(Editor)
Cities generate a wide range of air pollutants, 
primarily related to the burning of fossil 
fuels (heating and motor vehicles). However, 
despite the major impacts on the climate 
and human health, we still lack large-scale 
systematic measurements of air pollution 
in cities, which ultimately leads to a misin-
terpretation of the actual state of urban air 
quality. 
Given the continued growth of cities and the 
problems associated with traffic that arise 
as a result, development of new alternatives 
of transport is needed so as to improve air 
quality. 
An effective way of contributing to urban 
sustainability is by encouraging the use of 
green transportation, such as bicycles. Para-
doxically, this healthy activity could pose a 
risk to the cyclists themselves, due to their 
increased exposure to air pollutants emitted 
by road vehicles while commuting. 
The LIFE+RESPIRA project seeks to shed 
light on these unknowns, demonstrating 
that by using new technologies and imple-
menting new urban planning and design 
measures, as well as management of mobili-
ty, the exposure of cyclists and pedestrians 




Urban Life and Nature:
a cultural interpretation of 
the LIFE+RESPIRA project
The urban and the natural - both distant and 
yet inseparable
When you compare urban life and nature, they seem two 
spheres of reality very distant from each other at first 
sight. The distinctive perception of urban life is a 
built-up urban area, or an agglomeration of different 
levels of density, with a diverse range of buildings and 
infrastructures. In contrast, in the environments that 
we consider natural, the human trace tends to decline, 
or even disappear as we see in natural forests (Fig. 1). 
However, the animal-like, corporeal aspects of human 
beings and the influence we have on the environment 
encourage us to treat these two spheres of reality as 
intertwined. The urban environment depicts one of the 
most characteristic results of the collective activity of 
contemporary human beings. More than half of humani-
ty lives in cities. Nature on the other hand, reminds us 
of our fundamental roots as human beings and our 
constitutive animal-like architecture. It reminds us of 
the integration into ecology, where people are dependent 
on ecosystem services for their daily means of support 
and well-being (either directly or indirectly). In addi-
tion, the particular way we have chosen to use nature 
up until now has carved out the landscape that we see 
today. The environmental impact that they uncover, 
calls for a closer inspection into the leading way of life 
and social and territorial organization, eminently mani-
fested by the city. 
Both consciously and unconsciously, humans have 
chosen to interact with the natural environment in a 
way that often threatens it, as is exemplified in the 
well-known deforestation suffered by the Amazon Basin 
(Fig. 2). This is partly due to the production of livestock 
feed, for animals that are to be fed around the entire 
world. For that reason, one can say that humans can 
literally ’eat the Earth from multiple urban environ-
ments. The consumers are oblivious to effects, which are 
sometimes even irreversible.
Figure 1. The urban environment and the natural environment.
Figure 2. A dimension measurement of the deforestation processes in 
the Amazon.
1 https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS
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Our life-style choices governed by the city lifestyle have 
led to serious, collective implications which have been 
overlooked so many times in urban life. One might 
wonder how we got to this - how our decisions have led 
to such stern effects on the natural surroundings, on 
which we rely, and to which we owe our ethical conduct. 
We may also wish to spread a culture of environmental 
respect which rethinks how we should be living in this 
day and age (mainly in the cities). 
Our awareness of the natural human nature seems to 
have faded over time in urban cultures. It is apparent 
when we look at the way that humans lived in the hun-
ting-gathering period (Fig. 3). 
The agricultural awakening offered the possibility of 
accessing and storing ever-increasing amounts of food, 
through harvest and trade. A new urban-culture settle-
ment was developed, which was directly supported by 
agriculture. It is symbolised by civilisations as diverse 
as the Mesopotamian (Fig. 4) or those associated with 
the rise of the Greek culture. For centuries and millen-
nia thereafter, cities continue to be closely linked with 
agriculture. These are still home to the minority of the 
Earth’s population, with the majority living in rural 
areas, or closely attached to the land, living in relative 
harmony with the natural environment.  
Things change from the 18th - 19th centuries. The 
Industrial Revolution brings about rapid depletion of 
copious amounts of natural resources, which are forgot-
ten to be replenished (Olsen and Galimidi, 2009). With 
this, a new type of city emerges, portraying the urbani-
sation we see today with two attributes to be highligh-
ted: the first being that the urban phenomenon is 
gradually spreading across the entire planet, where it is 
hosting increasingly more and more humans, affecting 
it more and more on a global level. The second feature is 
that the population is growing more in the poorer coun-
tries. They have been amassing the biggest increase in 
urban population in the last decades.
Figure 3. The hunter-gatherer, a being encompassed into the natural 
environment.
Figure 4. The fertile crescent of Mesopotamia represents early urban 
phenomena which were closely linked to agriculture. 
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Figure 5. Urbanisation has an impact on the planet in ways that are 
not always obvious.
Some of the cultural and environmental implica-
tions of urban life
As the urban phenomenon spreads across the Earth, 
together with its lifestyles, the city’s inhabitants become 
exposed to a certain disregard to nature, as Aldo 
Leopold, (an American environmentalist) states in a 
literary, yet rather unsettling way: 
 “There are two spiritual dangers in not owning a farm. 
One is the danger of supposing that breakfast comes 
from the grocery, and the other that heat comes from the 
furnace” (Leopold, 1949). 
This oblivion is apparent from the outset. The ever-in-
creasing urban environments disregard the presence or 
status of things natural. At the best, nature is reduced to 
decorative green areas in the form of parks and gardens 
in the communities that can afford them. The oblivions 
are also evident in urban areas which maintain unsus-
tainable ways of living at the expense of a loss of natural 
value elsewhere – out of site, which detaches them from 
the reality of what it really entails.  
This damage is caused by business freight connections, 
which are difficult to envision on a day-to-day basis no 
matter how much they grow or assure daily supply. Few 
of the city’s inhabitants even realise that their own 
houses for example, were made from the material 
extracted from the unsightly quarries they may be deplo-
ring close to their homes. As the urban way of life conti-
nues to grow, the sense of belonging to the land is easily 
lost and this estrangement with nature becomes more 
and more apparent. Citizens are losing their bond and 
affiliation with nature and as a result, often uninten-
dedly act according to the words of Leopold:
“We abuse land because we regard it as a commodity 
belonging to us”, (Leopold, 1949).
The results on culture are truly worrying. In other 
words, from the same author, now a big name in envi-
ronmentalism: 
“We end, I think, at what might be called the standard 
paradox of the twentieth century: our tools are better 
than we are, and grow better faster than we do. They 
suffice to crack the atom, to command the tides. But 
they do not suffice for the oldest task in human history: 
to live on a piece of land without spoiling it” (Leopold, 
1938).  
The current land-use patterns amount to an overall loss 
of the Earth’s natural value. However, the value that is 
taken from nature to shape the distinguished urban 
culture that we see today, is never restored to the natu-
ral world, and no attempt is made at doing so. 
The natural foundation that allows for the very birth 
and existence of the human race is facing increased 
prospects of deterioration, in the shape of pollution or a 
progressive and irreversible loss of a growing number of 
resources or natural assets, which will disappear fore-
ver. The loss of species and irretrievable degradation of 
land confirm this. Urbanisation, including the more 
privileged cities from an environmental point of view 
have such impacts, not only in particular nearby places, 
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Figure 6. Social exclusion cityscapes.
but also in far-away, wide-spread places all over the 
planet (Fig. 5). This is evident when you look at for 
instance greenhouse gases emissions and global war-
ming over the last decades. 
The already-anticipated characteristics of the contempo-
rary urban phenomenon also show to have an uneven 
distribution of wealth within the cities, including envi-
ronmental quality. 
The development of social polarization within urban 
landscapes has risen in the last decades, creating lands-
capes of outcasts (Fig. 6), with poor access to commodi-
ties and a lifelong, high exposure to unhealthy environ-
ments.
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The response of the LIFE+RESPIRA project
The outlined challenges cannot be resolved by one 
project alone, but it can however address them, taking 
on a wider perspective, which the LIFE+RESPIRA 
project has done from the outset. It strives to make the 
biggest possible contribution, no matter how modest or 
limited the public outreach may be, in order to generate 
the necessary shifts in culture to move towards a sustai-
nable future, which is still beyond the horizon. With 
that in mind, the project does not seek to offer a single 
global solution, but rather to become an extension of the 
essential framework, which must be approached collec-
tively, little by little and always tackling the deep, 
common roots of the difficulties we face. 
The cultural and ethical challenges that the project 
proposes, through its specific pollution, mobility and 
health-related goals, is to encourage the restoration of 
greenery and respect for nature into the way of life of 
urbanized societies. The idea is to open a gateway to 
nature in the city, but also in direct line with the project 
in question, to open the lifestyle to search and find 
humankind’s natural self. In order to discover it, the 
project will question itself in its specific area, investigate 
pollution in relation to urban movement, thereby laying 
down the foundations for a reasoned and reasonable call 
to improve the design of the city and the mobility beha-
viours that are preventing us from leading full and heal-
thy urban lives.  The aim is to ultimately act in accor-
dance with our way of being, not only in terms of culture 
and citizenship but also in an ecological and natural 
way.  
 
But it's not easy to halt and reverse trends. Neither is it 
easy to motivate yourself to cycle in a place where the 
majority of the population choose other means of trans-
port, such as cars, which so often clash with bikes. Or, 
all too often (and justifiably so), when cyclists violate 
rules and show uncivil behaviour.  But on reflexion, 
leaving aside these unwanted attitudes, bikes have a lot 
to offer, not only in terms of mobility, but also on the 
very basis of the urban way of living and the need for 
improvement. The way forward may stipulate going 
against the grain, increased coherence and avoiding as 
much as possible to stand out unduly or imposing on 
anyone while doing so (Fig. 7a). If you were to rightfully 
propose someone change their deep-rooted behaviour, 
it´s likely you would be faced with indifference or a lack 
of response – or even concern or apprehension (Fig. 7b). 
Our hope is that these proposals are met with respect, 
that apprehension is turned into curiosity and that this 
behaviour is questioned and reflected upon – or even 
changed, which in turn tends to lead to the word being 
spread (Fig. 7 c, d, e).
Figure 7a. Making a choice in a pluralistic 
society.
Figure 7b. Change can cause concern and 
apprehension.
Figure 7c. A difference in opinion or 
behaviour raises questions.
Figure 7d. Progress toward voluntary 
membership
Figure 7e. In democratic societies, social change must start with the individual. 
Commitment must be freely entered into and expressed at will.
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The tools used in the entire development of the 
LIFE+RESPIRA project are fruits of these fundamental 
beliefs.  Together with the scientific objectives, social 
goals have similarly been addressed.  It has therefore 
managed to bring together a highly qualified and specia-
lised study as well as active involvement of citizens, 
which was essential for the project. In turn, this social 
aspect served as a constant target for the project, cons-
tantly reminding the participants of its citizen science 
essence: to research for society, counting on it from the 
very start and through its entire development.  
This is reflected in the interdisciplinary approach (brin-
ging together experimental and social sciences, techno-
logy, education, and communication…) and also the 
careful, well thought-out research design, to highlight 
the vital roles of the citizens, which we also wanted to 
promote. The vast amount of data collected by all kinds 
of participants laid the foundations for the painstaking 
processing and the highly technical and specialised 
analysis that ensued. The results have begun to emerge, 
already having an impact on the intended citizens and 
their elected representatives, nourishing their deci-
sion-making and accomplishing an emerging emulation 
effect, (which cannot be planned), beyond the immedia-
te territorial scope of the project (Fig. 8). The develop-
ments in the project are already spreading to other 
urban environments that request the LIFE+RESPIRA 
team’s help from the experienced gained.
Change on the horizon
Going back to where we started, it’s still too early to 
observe changes in trends in our society moving forward 
and leading more natural lives in the urban environ-
ment without having such an impact on it. Especially if 
you take into account that some of the unsustainable 
behaviours that we see today might have originated a 
long time ago, and be firmly rooted, which leads to iner-
tia, a continuance out of pure habit and that isn’t the 
right way forward. This is demonstrated in the path we 
have taken over recent centuries, for instance the 
carbon footprint we have left from burning fossil fuels 
locally (Fig. 8). It is alarming to see that our culture has 
become so used to accepting that the damage caused to 
the Earth is something inevitable, something that amas-
ses, even though we are worried about the unforeseeable 
damaging effects or the unpredictable consequences that 
are even more difficult to evaluate. 
Figure 8. The origin and evolution of the increase in levels of atmos-
pheric carbon dioxide.
If we look beyond the specific proposals set out by the 
project (proposals of behavioural changes with regards 
to transport and mobility in Pamplona, changes to city 
life or redesigning spaces), LIFE+RESPIRA manifests a 
more universal response and it does so with an implicit, 
yet fundamental ethical approach and shared by all: 
“Depleting the Earth´s natural resources to feed our 
need for luxury, or revelling in the benefits at the expen-
se of causing damage elsewhere, thus denying the people 
in those areas the right to a natural and human life is 
not worthy of being called human. This conduct should 
be dealt with step by step until it is completely rever-
sed”.
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The LIFE+RESPIRA Project aimed to promote a culture 
which invites dialogue between people and societies and 
encourages commitment to work together to create an 
improved, natural and cultural environment. Resear-
chers, institutions and citizens gathered to engage in 
studies about how we are impacting others and the envi-
ronment. The idea was to act on the findings, promoting 
greater respect for the ones who suffer. It is key we 
continue with this endeavour, bearing in mind the 
challenge of managing to bring about significant and 
lasting cultural change.
"...also, the things that do not prevail in this lifetime live 
on like a dynamic force, and it is precisely those ideals 
that do not come to fruition that reveal themselves to be 
invincible. Just because a dream hasn’t been fulfilled, it 
does not mean that it was wrong or obsolete; and a need, 
even if hindered is no less necessary. Only the ideals 
that have not been realised live for us when we are gone, 
impacting the future generations like a moral impulse" 
(Zweig, 2005).
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The exposure of cyclists to 
urban pollution
This chapter deals with the management of and experi-
ments carried out with the integrated sensors used by 
LIFE+RESPIRA to measure gases and particles. In 
order to obtain a fine-scale assessment of air pollution, 
this project combines three concepts: integrated 
sensors, citizen science, and big data management. The 
project relied on a group of active volunteers, who trans-
ported 50 pieces of sensor equipment analysers in their 
daily commutes by bicycle. The generated data has been 
combined into one single database with 13 million sam-
ples (5 million of which were used in the analysis). They 
were taken from 62,000 km of journey distance over the 
course of two years.  The long-term archiving and the 
access of the generated data are handled by the Euro-
pean EUDAT platform (https://eudat.eu/).
Design and methodology of the data collection
Unlike the usual practice, with continuous series of 
sensor data from known, fixed positions (e.g. Borrego et 
al., 2016), LIFE+RESPIRA draws its knowledge of 
atmospheric pollution on a fine-scale level by assem-
bling a large sample of data, using continuously-geoloca-
ted, mobile sensors which are on the move, spread out 
across the city of Pamplona (Fig.1). Thanks to the high 
sampling rate, we managed to obtain a resolution of only 
a few metres, which enabled us to position the set of 
samples on a map and get a range of information to be 
able to answer the researcher's questions. 
Figure 1. Cycling on a bike path with the analyser in its usual position - in the basket.
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Operation of the sensors
The portable analysers that were used were prototypes 
assembled by the company KUNAK according to specifi-
cations set by LIFE+RESPIRA (Fig. 2). We combined the 
use of electrochemical sensors and optical particle coun-
ters (OPC), supplied by Alphasense (Alphasense, 2015), 
a GNSS receiver which is able to detect the GPS and GLO-
NASS constellations and carry out EGNOS corrections, 
temperature and humidity sensors, and a GPRS unit 
that communicates with the cloud on the Internet, 
which is where LIFE+RESPIRA gathers the data throu-
gh the platform’s API.
 
The four electrochemical sensors used in LIFE+RESPI-
RA belonged to Alphasense’s B4 series, which is suitable 
for measuring gases at low concentration. Installed 
sensors were for carbon monoxide (CO), nitric oxide 
(NO), nitrogen dioxide (NO2), and oxidants. The later 
sensor yields ozone (O3) readings by subtracting the 
level of NO2 from its signal. 
The integrated OPC built in some of the analysers detec-
ted three types of atmospheric particulate matter (PM) 
according to size: PM1, PM2.5 and PM10. In addition to the 
gas and particle signals, other basic signals were also 
recorded, such as temperature, humidity, GPRS signal 
strength, satellite geometry, etc. Typically, five readings 
are made per second, which are averaged every ten 
seconds. The data accumulated in the analyser were 
transmitted in bulk every half hour via the GPRS 
network together with the geographical position of the 
sensor during the readings. On average, each data point 
corresponds to the state of the atmosphere in an 
approximate 40-metre segment that the cyclists typically 
travelled from one point to the next. 
Sensor Deployment
The project provided 50 analysers, each containing a 
sensor suite, that the volunteers reserved online using 
an application and then borrow from the project, much 
in the same way you would borrow a book from a library. 
Each analyser had its own QR code in order to assist the 
loan and to enable tracking and status control. Volun-
teers scanned the QR codes on collection and return of 
the analysers (Fig. 3) so the analyser was attributed to 
the volunteer during the loan. Some volunteers also 
wore a heart rate monitor in order to indirectly estimate 
the effort and the volume of breathed air while cycling. 
The analysers were placed in baskets, which were then 
attached to the bicycle (or also in rucksacks or on the 
roof of a car) and sensed gasses as they moved about. 
Some analysers were also positioned in fixed monitoring 
sites for continuous operation. They served to intercali-
brate with official benchmark sensors and among them-
selves (Mead et al., 2013).
Figure 2. Diagram of a sensor.
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Figure 3. Sensor 
control panel 
and a volunteer 
with a sensor.
Data Collection and Storage
The LIFE+RESPIRA project generated a substantial 
amount of data. Tuples containing a timestamp, sensor 
identification, parameter label and raw sensor data were 
streamed to the company’s platform.            A number of 
applications running in the project’s workstations and 
servers harvested, processed and tabulated the data, 
collecting them onto a main database (VFP9). Other 
routines and applications queried the database and 
extracted filtered and combined records for further 
analysis (Fig. 4). We used custom-made programs, routi-
nes and algorithms written in R, VFP or Python for bulk 
processing and subset generation. This workflow 
enables end-user analyses can to be carried out using 
common platforms and application suites such as e.g. 
Excel, PowerPivot, or QGIS working on extracted 
subsets.
As data from the sensors were labelled with a timestamp 
and a geographical position, they could be matched up 
with other data from the heart rate monitors, the clima-
te variables provided by the meteorological service, and
the official data of air quality issued by the Government 
of Navarra (http://www.navarra.es/home_es/Temas/Me-
dio+Ambiente/Calidad+del+aire/) for co-located 
sensors.  Prior to the matching, adjustments were veri-
fied experimentally, for example compensating for any 
lagging or time differences between the services.
The data generated, as well as the majority of the 
analytical products (mainly air pollution maps, segmen-
ted according to various criteria) were uploaded to the 
European EUDAT platform for long-term archiving.  A 
pilot project of EUDAT called PAIRQURS (Public Access to 
Air Quality Urban data from Roaming Sensors),
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enabled the creation of a data flow so as to facilitate the 
storage and permanent archiving and also release the 
result for public use. PAIRQURS monitors the 
LIFE+RESPIRA project's results and it generates a 
permanent record and archives a copy on the EUDAT 
servers when it detects new products available. It also 
has a comprehensive set of metadata that describes the 
products according to a schema created specifically for 
LIFE+RESPIRA. These metadata allow other resear-
chers, the public or other applications to locate the 
appropriate files that are needed to be used from thou-
sands of other generated files.
Results
Facts and figures from the project
The main data collection began in May 2015 and lasted 
for 24 months (Fig. 5) followed by data collection on a 
smaller scale, for specific experiments, filling gaps or 
verifying results.
The main collection had yielded the following results as 
of December 2017:
Volunteers 200
Journeys  20,000 
Km (travelled by bike) 47,000 
Km (motor vehicles) 15,000
Hours in motion 16,000
Journeys with biometric data 1,500
Hours of data collection  77,000
Samples with measurements  1,463,090





















Figure 4. Flow of data generated by the sensors. Figure 5. The positions of the spots with data draw a recognisable map 




Measuring low-level pollutants to a fine-scale with 
mobile air quality sensors is challenging because at low 
gas concentrations, the applied technology and the 
sensors exhibit poor signal-to-noise ratio and high 
sensitivity to interference (Mijling et al., 2017). This 
was a pervasive issue in our project since simple calcula-
tion functions were unsuitable for the weak signal avai-
lable in the majority of the samples. Furthermore, we 
observed scant robustness and reproducibility despite 
being considered among the most reliable low-cost 
sensors available on the market (Afshar-Mohajer et al., 
2017). As the project amassed a vast amount of data, 
processing by suitable big data techniques allowed for 
the use of distribution statistics to isolate the signal, but 
only after very significant effort was dedicated to deve-
lop calibration and correction techniques and algori-
thms to improve its reliability. For example, we develo-
ped variance filters with the aim of eliminating capaciti-
ve interferences that affect some of the sensor's electro-
des (Fig.6); experimental protocols to attain the calibra-
tion parameters or to estimate the interference between 
gases; detection routines for time delays with the official 
data in co-location experiments; or statistical models to 
enable an even more precise adjustment of the calibra-
tion parameters than those available from the manufac-
turer. 
Many of the detected errors proved impossible to 
correct, and such data was therefore conservatively 
marked as potentially invalid. This affected more than 
half of the total number of records in some way. Some 
examples included: OPC sensor errors due to air flow 
perturbation, which meant that we had to discard the 
samples of particle data that were taken above a certain 
speed threshold; unexplained, synchronized temporary 
loss of sensitivity across sensors; non-linear interferen-
ce of the sudden variations of temperature and humidity 
(Fig. 7); GPS signal obfuscation at certain times; nonli-
near phenomena such as the coalescence of gas bubbles 
at the free surface of the electrochemical sensor's auxi-
liary electrodes, etc.  
After developing appropriate techniques we were able to 
improve the signal quality and the intercalibration of 
sensors by approximately one order of magnitude (Fig. 
8). The combination of analytical refinements, calibra-
tion experiments, and the availability of a very large 
mass of data may thus allow for the use of these low-cost 
sensors for a fine characterization of contaminants in 
the environment. However, if one of these three factors 
is missing, the signal may be too weak or erratic to be 
reliable.
Figure 6. Original signal of one of the electrodes of the CO sensor (in 
grey), processed with various filter settings to detect interferences.
Figure 7. The effect of a sudden change in relative humidity (purple) 
above the NO2 sensor signal (green).
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The distribution of pollution in the city
The study, which was conducted in the city of Pamplona 
over the course of two years allowed us to observe the 
pollution at both coarse and fine resolution. Across the 
board, the distribution of pollutants was strongly linked 
with the emission sources (mainly traffic) and their 
temporal variations, and to a lesser degree the weather 
circumstances and topographic layout of the city.
The concentrations of nitrogen oxides (NOx) were 
remarkably high, both in heavy traffic routes as well as 
heavy vehicle concentration points, equipped with diesel 
engines, which was one of the main sources (DEFRA, 
2017). An area where a high level of pollution was 
detected was paradoxically next to a park—but it can be 
attributed to the ventilation ducts from the main bus 
station, located underground in the city centre (Fig. 9). 
There was also a visible difference in the level of air 
pollutants when we compared the more transited routes 
with the less transited ones. Congested routes consis-
tently showed higher concentrations (Fig. 10). This 
correspondence has also been noted in other cities at a 
lesser spatial resolution (Borrego et al., 2016; Guerreiro 
et al., 2013). In the most polluted places, and in particu-
lar during peak hours, the levels can be consistently 
higher than the hourly standards set out by the Euro-
pean Commission. Other observed features include 
short-space gradients between main roads and parallel, 
but separate lanes and pavements. The interior of parks 
and gardens showed significantly lower pollutant levels
Figure 8. The co-localised sensor readings for a single contaminant 
before and after the final phase of the intercalibration corrections. 
The blue line is an official reference.
Figure 9. The average concentration of NO during the two years of 
measures. The areas with the highest concentration correspond to the 
major motorways and to the bus station, where a large number of 
diesel engines are concentrated.
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Traffic speed was correlated to 
pollution levels: faster roads 
had higher levels than limi-
ted-speed streets, although 
evident point concentration of 
pollutants was recorded at 
traffic lights, crossings and 
roundabouts.
The prevailing wind, normally a 
dispersion agent, can also cause 
local accumulations, which 
direct the pollution from fixed 
sources to concentrate in stag-
nant areas. Our data shows that 
in the city of Pamplona, there 
was a higher concentration of 
carbon monoxide in the indus-
trial belt, located in the north of 
the city, which tends to amass 
in its northwest area: a lower 
area situated windward at the 
foot of the city, in a small 
plateau, which could hinder 
dispersion (Fig.11). Compara-
bly, the outlying residential 
areas showed lower concentra-
tions of this pollutant. 
However, in winter, these same 
residential areas show a high 
concentration of particles, 
probably associated with house-
hold wood-burning chimneys, 
from the prevalent detached 
and semi-detached home cons-
tructions in those areas.
Figure 10. The average levels of NO2 on a scale from blue (low) to red (high) between 
8:00 and 9:00 in the morning. The highest levels correspond to the routes of heavier 
and faster traffic, such as bypasses or main axes with several lanes. There are points 
of high concentration in crossings and some schools. Levels of ppb above 40 (an 
indicator of poor air quality) are shown in red.
Figure 11. Concentration of CO. The highest levels (indicated in red) correspond to 
the stagnant areas next to the NW slope of the city, while suburban neighbourhoods 
have lower concentrations (indicated in blue). 
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On a fine scale, there were 
consistent differences in the 
levels of pollution between 
the road and the bicycle paths 
or sidewalk pavements (Fig. 
13), which is probably 
consistent with the disper-
sion patterns of the plumes 
produced by emitters (traffic 
for NOx). Travelling on the 
road leads to an increase of 
between 37% and 54% of 
inhaled nitrogen oxides com-
pared with using the bike 
lanes or sidewalk pavements 
(when permitted). The ozone 
changes only 5%, but the air 
around sidewalk pavements 
and bike lanes contained 90% 
fewer PM10 particles and 52% 
fewer PM2.5 than the air on 
the main axis. On the other 
hand, carbon monoxide was 
less important along the road 
axis. It should be noted that 
emissions of this pollutant by 
current-technology engines is 
highly controlled by e.g. 
catalysers, and is no longer a 
significant marker of traffic 
pollution but of other, fixed 
urban sources.
Figure 12. Average levels of fine particle matter, PM2,5.
Figure 13. A comparison of the levels of air pollution between the bike lanes, roads 
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Inhalation of pollutants by 
cyclists
It is evident that bicycles are increasingly more integra-
ted into our cities as an alternative means of transport 
to motor vehicles, which contributes towards reducing 
emissions of atmospheric pollution, reducing traffic 
congestion and improving the user’s physical condition. 
More and more cities are therefore involved in the deve-
lopment of infrastructures that favour this type of trans-
port. However, this effort to promote the use of bicycles 
has not yet focused on mitigating the cyclists’ exposure 
to air pollutants generated by traffic. This issue remains 
completely unattended despite the fact that numerous 
scientific studies have shown that the exposure of 
cyclists to traffic-related air pollutants causes signifi-
cant adverse effects on their health, including respira-
tory problems (exacerbation of asthma), cardiovascular 
diseases and increased mortality (Janssen et al. al., 
2011; Strak et al., 2011; Hoek et al., 2013).
A specific study was carried out in the LIFE+RESPIRA 
project, with a small number of volunteers (40) to quan-
tify the dose of inhaled contamination in accordance 
with the physical intensity associated with the use of 
bicycles. The main objective was to estimate the risk of 
taking certain routes considering both the level of pollu-
tion and exertion. The information obtained is expected 
to be tremendously useful for urban managers, which 
facilitates decision making to improve the quality of life 
for cyclists and pedestrians
How physical activity effects the inhalation of 
air pollutants
When measuring the effects of pollution on pedestrians 
or cyclists exposed to the urban environment, two a 
priori different factors must be taken into account. On 
the one hand, there is the existing concentration of 
pollutants in the roads where they move around, which 
in turn depends on the density, distribution and nature 
of the sources of air pollution (motor vehicles, heating 
etc.), weather conditions, road layout, the time of year, 
the time of day, etc. The second factor is related to the 
activity that cyclists and pedestrians are carrying out 
when they are exposed to urban pollution. We speak of 
"activity" in the sense of physical exertion, since all of 
the air pollutants enter the body through the respira-
tory track and the air flow that we maintain with our 
environment is (among other things) related to the level 
of physical activity that is being carried out (Int Panis et 
al., 2010).
This is especially relevant in the case of cyclists because 
they experience higher respiratory rates than pedes-
trians, even when cycling at low speeds. This means that 
cycling on polluted roads is not recommended, but even 
less so if it involves high physical exertion (for example, 
going up a hill), since this greatly increases the respira-
tory demand. The greater the volume of air breathed, the 




In a city, there are multiple routes one can take to reach 
the same destination (Fig. 1). The shortest or fastest 
routes are usually the ones that are prioritised by navi-
gation software. If they also took into account the 
estimated levels of pollution in the different streets of 
the city and the level of physical exertion carried out by 
cyclists when riding through the streets, the user would 
be able to choose a route to their destination that 
predicts a lower level of air pollution (MacNaughton et 
al. al., 2014).
Figure 1. Possible alternatives for reaching the same destination.
Faced with a choice of three routes with the same travel 
time, which one would you take? The objective of the 
Healthy Route Planner is to add additional information 
related to pollution and physical exertion to calculate 
the best route to take. Image source: Google Maps.
The LIFE+RESPIRA project designed an App with this 
in mind, called the “planificador de rutas saludables” 
(Healthy Route Planner). It is a software tool, available 
both for the Web and for mobile devices, which allows 
users to choose the best route to take from one point to 
another, with the lowest amount of exposure to air 
pollution as possible.
To carry out this objective, not only the level of pollution 
but also the physical effort carried out by the cyclist 
travelling a certain route were taken into account. Since 
it is difficult to do a real-time measurement of the 
cyclists’ respiratory rate during their activity, it was 
decided that heart rates would be recorded instead, and 
this would work as an indirect measurement of the 
respiratory effort. This parameter can be determined 
with sufficient precision and accuracy using a wide 
range of commercial devices. Thus, 40 volunteers would 
record their heart rates using commercial heart rate 
monitors (a wrist-watch with a chest belt sensor) 
during their trips through the city while recording the 
pollution levels with the Life+Respira devices. 
The volunteers participated in a training course to learn 
how to properly use the heart rate monitors and access 
the generated data (Fig. 2).
They also underwent a spirometry test at the Navarre 
University Clinic (CUN), which allowed us to obtain a 
series of parameters related to respiratory air flow volu-
mes. These values were subsequently used to estimate 
the volume of respiratory intake of air during their trips 
by bicycle and the amount of pollutants they were there-
fore exposed to in the routes that they took.
The spirometry tests conducted show the typical rela-
tionship between respiratory volume expressed as Tidal 
Volume (the volume of air that is displaced when we 
breathe in a normal cycle of inhalation and exhalation), 
age and gender (Fig. 3). Tidal Volume in women is lower 
than in men, and this respiratory parameter is reduced 
with age in both genders. 
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Figure 2. The documentation prepared to train volunteers on the use 
of the heart-rate monitors and the data download. .
Figure 3. Relationship between respiratory Tidal Volume and volun-
teer’s age.
What does the data tell us?
The position of each heart rate (HR) record was super-
posed on a Digital Elevation Model with a resolution of 
5m (National Geographic Institute) to obtain the altitu-
de of each point and, using spatial analyses, to calculate 
the speed values, road slopes and distance travelled by 
each volunteer (Fig. 4).
Figure 4. Horizontal Digital Elevation Model at 5-meter resolution 
(DEM05) of part of the study area. The DEM05 was obtained by 
interpolation of data information from the LIDAR flights from PNOA. 
Source: National Geographic Institute.
Before proceeding to analyse the data, the routes were 
divided into 30-second segments (the heart-rate moni-
tors provided a HR reading every second), in which the 
statistics Average, Maximum, and Minimum were calcu-
lated for the variable speed, slope and HR.
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In order to consider a segment valid, a series of condi-
tions were introduced, which allowed for the assump-
tion that the segment maintained certain uniform condi-
tions of slope and orientation and in in which the volun-
teer was carrying out a stable physical effort.
These limitations for permissible data meant that a 
considerable amount of available information was lost, 
but in exchange, the statistical noise in the analyses was 
greatly reduced, thus providing higher quality informa-
tion. The analyses were finally performed on more than 
20,000 segments, each of which corresponded to sets of 
a maximum of 30 points (Fig. 5).
Figure 5. An example of one of the volunteer’s trips with a heart rate 
monitor. The blue dots indicate places with heart rate information. 
The green lines are the segments that meet the requirements of unifor-
mity in speed, and established gradients and orientation..
Several conclusions can be drawn from the statistical 
analyses so far, which corroborate the approach that led 
to the development of this action within the LIFE+RES-
PIRA project. On the one hand, cycling requires a great 
effort, as supported by the value of the average heart 
rate of all the volunteers, which reached 113 beats per 
minute. This mean varies significantly when studying 
each person individually, which points to both the hete-
rogeneity in the representation of the group of volun-
teers, such as age, gender and also most likely to their 
different habits in regards to the use of the bicycle, such 
as the average speed of travel (global average being 4.3 
metres per second, about 15 km/h) or the type of urban 
routes (Fig. 6).
Figure 6. Route distances, speeds and heart rates recorded in some 
volunteers of the study. The green boxes indicate the most common 
values, while the lines and circles mark particularly extraordinary 
high or low values. The black line inside the box is the median value for 
each volunteer.
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The majority of the trips occur in the areas with no or 
small slopes (<1%), as corresponds to the relief in the 
urban area where the routes were primarily located. 
However, segments with moderate (1-2%) or strong 
(2-6%) slopes were often identified. Both positive and 
negative slopes (Fig. 7) have a significant effect on the 
on two fundamental parameters with respect to pollu-
tion: the level of physical effort of the cyclist and the 
amount of time spent on a certain route. 
The average speed in the segments of small or null 
slopes was slightly above 4m/s, while in the sections of 
higher slopes the speed reduced to 2m/s in the case of 
the ascents, or reaching 6m/s in descents (this effect is 
more evident in male cyclists). These notable differences 
in speed, determine the time it takes for the cyclist to 
travel a certain segment, which is significant from a 
pollution point of view, since steep roads are usually 
associated with a higher fuel consumption by motor 
vehicles and, therefore a greater production of polluting 
gases. The slope is also reflected in the cyclists’ HR: the 
average values  can fluctuate between 40%-80% with 
respect to the basal value, as the volunteers move to 
roads with steep or very steep ascending slopes (Fig. 8).
Figure 7. A histogram of the average slopes of the analysed segments. 
Most of the segments covered by the volunteers are in the green zone, 
considered to be segments of small or null slope, but average gradients 
of close to 6% in ascents and up to 4% in descents were recorded.
Figure 8. The 
relations between 
speed, heart rate 
and slope of the 
transect for men 
and women. The 
abbreviations of the 
slopes coincide 
with what is 
described in Figure 
7 and are arranged 
in the same way 
(on the left, strong 
slopes in a 
downward 
direction and on 
the right, strong 
uphill slopes). The 
points represent 
the average values 





3. The role urban 
vegetation plays on 
the quality of air
The effects of urban and 
peri-urban vegetation on 
air quality
Air pollution continues to be one of the main environ-
mental challenges for our society, particularly in cities, 
where up to three quarters of the European population 
is concentrated. Although European policies to control 
air pollutant emissions have managed to significantly 
reduce emissions in recent decades, air pollution is still 
responsible for more than 400,000 premature deaths 
each year in Europe (EEA, 2015). For this reason, cities 
need to develop management plans and strategies to 
reduce the exposure of the population to air pollution, 
in order to minimize the effects and the enormous 
economic costs associated with them, as well as to 
improve the environmental quality and well-being of the 
citizens. 
Urban and peri-urban vegetation has been recognized as 
a valuable tool for improving air quality in cities (Sam-
son et al., 2017). Air pollutants can be removed from 
the atmosphere through wet-deposition washing proces-
ses, such as rain or snow, or by dry-deposition when air 
pollutants settle on surfaces. The relative importance of 
each of the processes depends in part on the weather 
conditions, with dry deposition being much more 
relevant in Southern than in Northern Europe. Urban 
vegetation provides an increase in surface area that is in 
contact with the air, which increases atmospheric dry 
deposition. Moreover, vegetation can absorb gaseous 
pollutants during the normal gas exchange that occurs 
through the stomata. This process efficiently absorbs the 
C02 required for photosynthesis. At the same time, other 
gaseous pollutants can also be absorbed by plants resul-
ting in a reduction of their air concentrations.
Urban vegetation can also indirectly help to improve air 
quality through its effects on the microclimate. Through 
the shading of buildings and streets and evapotranspira-
tion, the vegetation helps to lower indoor and outdoor 
temperatures, promoting energy savings associated with 
the use of air conditioning and thus encouraging the 
reduction of emissions. Moreover, lower environmental 
temperatures in turn reduce the photochemical proces-
ses in the atmosphere that generate secondary pollu-
tants such as tropospheric ozone. In addition to the 
benefits related to air quality and climate, urban and 
peri-urban vegetation promotes the health and well-be-
ing of citizens by offering other environmental, social, 
cultural and economic services, collectively known as 
ecosystem services. These are the reasons that motiva-
ted the European Union to include urban vegetation 
within the Green Infrastructure Strategy whose main 
objective is to preserve biodiversity along with the servi-
ces it provides.    
Urban vegetation traits related to air quality
The capacity of urban vegetation to remove atmospheric 
pollutants depends on the morphological and physiolo-
gical characteristics of each species. One of the most 
relevant traits is the amount of leaf surface that is in 
contact with the air and which is therefore capable of 
removing gases or polluting particles. The leaf surface 
can be expressed as the leaf area index (LAI), which 
indicates the amount of one-sided green leaf area per 
unit ground surface, or as leaf area density (LAD), 
calculated as the total one-sided leaf area per unit 
volume of the canopy. For this reason, trees with greater 
leaf area capture more atmospheric pollutants than 
other smaller vegetation, such as shrubs and meadows. 
Among tree species, conifers have a high leaf area index, 
which is why they are considered to be more effective at 
removing atmospheric pollutants (Tiwary et al., 2016). 
This capacity is also greater because the needles are not 
shed during the winter, so they offer this service throu-
ghout the whole year. On the other hand, the deciduous 
species lose their leaves during the winter, drastically 
reducing their surface area during this period. In Medi-
terranean environments, the abundance of evergreen 
broadleaf species adapted to dry climates, such as Holm 
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oak, increases the list of species that can be used in 
urban and peri-urban areas to improve air quality. In 
addition to the leaf area, the shape and spatial structure 
of the crown determine the porosity of the canopy, affec-
ting the dispersion and deposition of pollutants. A 
higher density can increase the capture of pollutants up 
to a certain extent, but a very high canopy density can 
restrict the pollutants transport to the inner most parts 
of the canopy, thus limiting its overall filtration abilities.
Other traits related to the leaf surface are also relevant 
for air pollution removal. With the same leaf area, those 
species with rough surfaces or leaves covered with hairs 
or trichomes, or with abundant wax layers, encourage 
particulate matter deposition and prevent resuspension 
(Sæbø et al., 2012). Also the occurrence of salts and 
ions increases leaf’s surface wettability, favouring parti-
culate matter deposition and water-soluble gases disso-
lution (Grote et al., 2016).  
In the case of gaseous pollutants, the species with high 
rates of stomatal conductance will be the most effective 
for reducing air pollution. Gas exchange through stoma-
ta is a process closely regulated in order to maximize 
photosynthesis while minimizing water loss by transpi-
ration. Therefore, the stomatal conductance is contro-
lled by changes in the environment, such as relative 
humidity, availability of water and nutrients, light, and 
concentration of CO2 in the atmosphere. Stomatal 
conductance is also regulated by internal factors, such 
as plant hormones, which vary depending on the age 
and the growth stage of the plant. Atmospheric pollution 
can in turn alter stomatal functioning causing effects on 
plant development and growth. Any factor that causes 
the stomatal closure will reduce pollutant absorption. 
Therefore, it is essential that the urban vegetation is 
properly managed to ensure its good health and vigour, 
in order to maximize the possible benefits of improving 
air quality. 
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Numerous studies have found that conifers are more 
efficient at capturing large amounts of particulate 
matter than deciduous broadleaved trees due to the 
higher leaf area index and the larger deposition velocity 
(Sæbø et al., 2012). Besides, these species keep their 
leaves throughout the year. However, conifers are more 
sensitive to air pollution and to the salts that are used in 
winter to prevent ice forming. A combination of deci-
duous and evergreen species is therefore needed in 
order to maximize the benefits of improving urban air 
quality, provided that conifers are not located right next 
to the emission points, such as road forefronts or near 
streets with heavy traffic. 
It is important to note that there can also be disadvanta-
geous aspects of having vegetation in the city, which can 
negatively affect air quality. Vegetation and associated 
fungi produce particulate matter of biological origin, 
such as pollen and spores. Certain species produce 
pollen with high allergenic character, which can be wor-
sened when combined with atmospheric pollution, 
representing one of the main problems associated with 
urban vegetation (Cariñanos et al., 2016). The allergeni-
city of the pollen depends on the species, so this crite-
rion should be taken into account when choosing which 
species to plant in urban environments. Moreover, vege-
tation emits biogenic volatile organic compounds 
(BVOCs) which can contribute to the secondary forma-
tion of ozone and particulate matter through reactions 
in the atmosphere. Plants emit various types of BVOCs 
with different chemical characteristics, and so some 
produce more atmospheric pollutants than others. The 
BVOCs emission pattern depends not only on the 
species, but also on the environmental conditions and 
the state of health of the vegetation. 
All these traits indicate that urban and peri-urban vege-
tation affects urban air quality, so this effect should be 
included as one of the criteria for urban tree species 
selection. It is important to note that proper manage-
ment of vegetation that ensures a good state of conserva-
tion and vigour of the plants will facilitate the filtering 
capacity and the positive effects on air quality. Once the 
most suitable species have been selected (in terms of the 
specific traits of growth, structure and physiology), it is 
equally worth considering the distribution and place-
ment of the trees, as will be explained in the following 
sections.
Characteristics of the urban tree vegetation of 
Pamplona
The LIFE+RESPIRA project evaluated the characteris-
tics related to air quality of the urban trees in the city of 
Pamplona (Figure 1). The city has more than 87,000 
trees of more than 300 species, which represents a 
significant diversity of urban trees. However, the 10 
most abundant species represent 62% of the wooded 
area (Table 1), and more than a third of the species are 
only represented by less than 10 trees in the entire city. 
Interestingly, only 9% of Pamplona's trees are evergreen, 
which indicates that a very small percentage of urban 
trees can provide air quality-improvement services
Figure 1 Measurement campaign of stomatal conductance in urban 
vegetation during the LIFE+RESPIRA project.
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during the winter, the time of the year when air pollu-
tant concentrations tend to be higher.  
Table 1 shows the available information on the traits 
related to air quality of the most abundant species pre-
sent in Pamplona. Most of the 10 most abundant spe-
cies have a medium capacity to mitigate air pollution, 
both gaseous pollutants and particulate matter. But it 
should be noted that 6 of the 10 most abundant species 
produce pollen with a high allergenicity index. In addi-
tion, 9 of them present medium or high emission rates 
of BVOCs. These results indicate that air quality in 
Pamplona could be improved by incorporating a larger 
surface area of evergreen species and tree species that 
maximize air pollution uptake. 
Table 1. Characteristics of the 10 most abundant tree species in Pamplona related to air quality: percentage of the total woodland area of Pamplona 
corresponding to a species; PFP is the "pollution flux potential" index proposed by Tiwary et al. (2016), which represents the capability of the 
interaction with the atmosphere, providing the net effect between atmospheric pollutants released and/or deposited, higher values indicate more 
benefits for air quality; the ability to mitigate air pollution includes particulate matter and gaseous compounds according to Samson et al. (2017); 
stomatal conductance (mmol m-2 s-1) measured under optimal physiological conditions during the Life+RESPIRA project, indicating the potential 
capacity of absorbing gaseous atmospheric pollutants; allergenicity index according to Cariñanos et al. (2016); emissions of BVOCs according to 










































































The role of urban and peri-urban vegetation on 
air quality in areas without emission sources
In addition to the morphological and physiological 
features of the selected species, the location and configu-
ration of the urban vegetation is an equally important 
factor in determining the ability to improve air quality. 
In those areas where there are no on-site atmospheric 
pollutant emissions, such as in peri-urban forests and 
gardens and parks, vegetation plays a fundamental part 
in filtering and reducing atmospheric pollutants. The 
use of air quality models has allowed the quantification 
of the contribution of peri-urban forests to the improve-
ment of air quality, through facilitating deposition and 
therefore reducing concentrations of pollutants such as 
ozone or particulate matter in nearby areas. For exam-
ple, it has been estimated that the disappearance of 
Mount El Pardo, (a forest located north of the city of 
Madrid), would cause an increase of up to 15% in ozone 
concentrations in the surrounding areas (Alonso et al., 
2011). Most studies that analyse the role urban and 
peri-urban vegetation play in the city’s air quality have 
been carried out with different types of models. In addi-
tion to the aforementioned air quality models, the most 
widely used model is the Urban Forest Effects model 
(UFORE, currently included in i-Tree), developed by 
Novak et al. (2008). This model combines information 
from a city tree inventory with monitored data of air 
pollutants and meteorological variables to estimate diffe-
rent environmental services such as mitigation of air 
pollution, CO2 absorption or emissions of BVOCs at city 
scale. All these models have some key constraints and 
recently more emphasis has been placed on the need to 
carry out experimental measures to validate, reparame-
trize, and improve model estimates. 
The LIFE+RESPIRA project has made a significant 
contribution in this regard, demonstrating experimen-
tally that, in areas without emission sources, the 
concentrations of different atmospheric pollutants such 
as ozone, nitrogen oxides, ammonia and nitric acid are 
significantly lower below tree canopies than in open 
areas without trees (Fig 2, García-Gómez at al., 2016). 
These results confirm the predictions made with diffe-
rent models and highlight the importance of the presen-
ce of trees in sensitive areas, such as playgrounds, 
school playgrounds, sports areas, hospital gardens or 
homes for the elderly, etc., in order to reduce the expo-
sure of the population to air pollution, especially the 
most vulnerable (children, the elderly and people with a 
history of illnesses or chronic patients). 
The effectiveness of vegetation barriers at 
reducing exposure to atmospheric pollution
Urban vegetation can also be effective at stopping the 
dispersion of pollutants to areas that should be protec-
ted, for example to separate the bike lanes from the 
road, or to protect sensitive common areas intended for 
the population, such children's playgrounds, parks, 
sports and leisure areas etc. that are close to roads with 
heavy traffic. LIFE+RESPIRA has demonstrated throu-
gh experimental measurement campaigns (Fig. 3) that 
the distance between the bike lanes and the traffic lanes 
on the road is the main factor to decrease the concentra-
Figure 3. Experimental measurement campaign to sample the effect of 
hedges on air quality in Pamplona: LIFE+RESPIRA project.
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Figure 2. Concentrations of air pollutants in open, woodless areas (orange bars) and under the tree canopy in peri-urban forests (green bars). 
The values represent the mean value from two years of measurements. The decrease in concentration (∆-) is only shown for cases that are statisti-





























































































Figure 4. Analysis of the effectiveness of a hedge as a vegetation barrier 
at dispersing near-road air pollution. The figure shows the black 
carbon concentrations and the wind diagram on Avenida de Navarra 
(Pamplona) measured in the LIFE+RESPIRA project. The red line 
represents the concentrations measured at the roadside next to traffic; 
the green line shows the concentrations on the other side of the hedge; 
the blue line shows the concentrations using the same distance as the 
sensor behind the hedge, but without the vegetation barrier between 
them.  
Figure 5. Analysis of the effectiveness of 
a hedge as a vegetation barrier for the 
dispersion of air pollution. The figures 
show the average black carbon concen-
trations throughout the campaign (A); 
the average values in calm wind condi-
tions (B); the average values in windy 
conditions coming from the road (C); 
and the average values with wind 
blowing in a parallel direction to the 
road (D).
tions of black carbon in the air (which is one of the main 
pollutants linked to traffic). When it is not viable for a 
cyclist to move away from the road, the use of separation 
vegetation barriers, (in particular hedgerows) helps to 
reduce the exposure to polluting particles emitted by 
traffic by up to 30% (Fig. 4). The efficiency of the vegeta-
tion barrier will depend not only on the dimensions, 
density and the selected species, but also on the prevai-
ling winds that carry pollutants emitted by traffic, 
increasing efficiency in those conditions in which 
prevailing winds carry pollutants from the road towards 
the hedge (Fig. 5).
Roadside tree barriers can also be effective, but with this 
type of vegetation it is important to take into account the 
height at which the emissions occur and the exposure to 
the population, and the height of the tree canopy. If the 
crown becomes leafy at a certain height (typically 3-4 
metres) to facilitate the transit of vehicles or people 
underneath, this kind of vegetation barrier will be less 
effective at reducing air pollution at a pedestrian or 
cyclist height compared to shrub or hedgerow barriers, 
which have full leaf coverage from the ground. The com-
bination of experimental measures with pollutant 
dispersion models (see Chapter 4), has shown that vege-
tation barriers that are made up of hedges, with a tree 
line behind, are particularly efficient to reduce the expo-
sure to pollution at a pedestrian or cyclist level. These 
results also indicate that it is necessary to take into 
account the aerodynamic effects of the barrier depen-
ding on the prevailing winds, the size and density of the 
vegetation, and its position from the road, in order to 
maximize the beneficial effects of vegetation barriers on 
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Figure 6. Measurement of atmospheric pollutant concentration and 
meteorological parameters at different heights in a street canyon in 
Pamplona as part of the activities of the LIFE+RESPIRA project.
Figure 7.  Concentrations of black carbon at different heights on the 
facades of a street with the presence of roadside trees (left) and in 
another similar street without trees (right) in Pamplona as part of the 
activities of the LIFE+RESPIRA project.
The effect of roadside trees on the air quality in 
street canyons
The role urban trees play on the air quality in narrow 
streets with relatively heavy traffic is more controver-
sial, since vegetation can be an obstacle to the street 
ventilation, preventing the dispersion of emitted pollu-
tants, with this effect being more significant than its 
capacity to capture pollutants. The CFD-type (Computa-
tional Fluid Dynamics, see chapter 4) atmospheric 
models, which simulate the concentration and distribu-
tion of pollutants at street level, have been used to 
estimate the effect of roadside trees. However, it has 
been acknowledged that the scarce experimental data 
have prevented wide model validations until now. 
Thanks to the collaboration and participation of the 
citizens, who allowed the installation of sensors on their 
buildings, the LIFE+RESPIRA project was able to 
perform several monitoring campaigns to measure 
meteorological parameters and the concentration of 
atmospheric pollutants at various heights on the facades 
of buildings within street canyon with and without 
roadside trees (Figure 6). When trees were not present, 
the concentrations of black carbon were found to be 19% 
lower at a height of 10 metres when compared with 
concentrations at 3 metres. On the other hand, the 
presence of trees reduced that difference to 10% on 
average (Fig. 7). These results confirm that the presence 
of urban trees reduces the vertical dispersion of the 
particles emitted by traffic, which may sometimes 
worsen the air quality in streets with trees and intense 
traffic. The effect of roadside trees on the distribution of 
temperature in this type of streets has also been verified, 
validating the predictions obtained with atmospheric 
CFD models. The modelling, combined with the experi-
mental measures, detected that roadside trees can also 
act as a horizontal barrier for the entry of pollutants 
emitted in nearby streets with heavy traffic. For this 
reason, neighbourhoods with narrow street canyons 
require detailed studies on the distribution of the emis-
sions, the prevailing weather conditions and the geome-
try of the streets in order to help to decide on the design, 
positions and size of the roadside vegetation in a way 
that maximize the benefits for climatic comfort while 
avoiding the interruption of street ventilation that could 
aggravate air quality problems. 
Conclusions
Urban vegetation is an important tool for the manage-
ment of air quality, but its effectiveness depends on a 
series of factors that must be taken into account, star-
ting by choosing the right species. Characteristics such 
as the canopy size, leaf longevity, foliar surface (rough 
or with hairs), or the high gas exchange rates are traits 
that can contribute to reduce air pollution. In order to 
avoid possible harmful effects on air quality, other 
species traits need to be considered such as pollen aller-
genic potential, or the emission of volatile organic com-
pounds. The appropriate management of urban vegeta-
tion ensuring plant health and vigour will also maximi-
ze the filtration capacity and reduction of atmospheric 
pollution. 
In addition to the criteria of species selection and the 
proper maintenance of vegetation, it is essential an 
adequate design and configuration of the green areas 
and vegetation barriers to help abate the exposure of the 
population to air pollution. Narrow streets with heavy 
traffic need detailed studies to design a suitable vegeta-
tion distribution that offers climatic comfort without 
worsening air quality through decreasing street ventila-
tion. Finally, it is important to note that although urban 
and peri-urban vegetation can help to improve air quali-
ty, the only effective strategy would be to reduce the 
emissions inside the city, mainly those related to traffic, 
which are the main cause of air pollution problems in 
cities.
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4. High resolution 
models to assess 
air quality
Modelling of air quality in 
Pamplona and measures to 
improve it
Modelling of air quality and evaluation of 
results
In the streets and squares of a city the air flows 
following quite complex patterns derived from the 
disturbance caused by the buildings and obstacles exis-
ting in the streets (trees, cars, etc.). These disturbances 
also provide an additional turbulence that affects the 
exchange of physical properties (moment or energy), 
including the dispersion of existing pollutants in the 
ambient air. These patterns of air circulation in streets 
and squares cannot be simulated using standard models 
at other major scales, such as the models used for fore-
casting the weather. For cities very high resolution 
models has to be used in order to clearly describe urban 
obstacles such as, buildings or street trees. These 
models are the well-known CFD (Computational Fluid 
Dynamics) atmospheric models, which allow the evolu-
tion and distribution of pollutants in the streets of a city 
to be simulated with high spatial detail (resolution of 
one meter).
The CFD models (software used STAR-CCM + from 
Siemens) have been used in the LIFE + RESPIRA Project 
to simulate with very high resolution the streets of Pam-
plona in order to give very detailed information on how 
pollutants are distributed in streets, squares and city 
 parks and the way they evolve over time. The methodolo-
gy used is based on others works of the scientists of this 
project such as Parra et al. (2010), Santiago et al. 
(2013) and Santiago et al (2017a). The information 
resulting from these high-resolution simulations has 
been used in other project activities, such as the estima-
tion of the population's exposure to pollution. The simu-
lations of air circulations and dispersion of urban pollu-
tants in Pamplona have been carried out using two diffe-
rent scales: 1) urban district scale and 2) city-wide 
scale. In the case of the urban district, an area of 
 approximately 1 km2 was chosen around the Plaza de la 
Cruz (Fig. 1).
However, the use of these models must be preceded by a 
work of fine tuning that includes their adjustment and 
validation. In the case of the urban district, in order to 
analyze the ability of the CFD model to reproduce the 
experimental observations, the measurements of the air 
quality station of Plaza de la Cruz and those of the inten-
sive measurement campaigns carried out in this district 
were used. Experimental campaigns were carried out in 
two parallel streets very similar in terms of traffic, one 
with urban trees (Street San Fermín) and another 
without it (Street Tafalla). This comparison between the 
results obtained from the simulations (wind speeds and 
concentration of pollutants) and the experimental data 
measured, have demonstrated the ability of these CFD 
models to reliably reproduce what has been observed 
(Fig. 2). In this study, the great spatial variability of the 
concentration of pollutants within and along the streets 
has been revealed, with significant differences being 
Figure 1. Map of Pamplona and the district of Plaza de la Cruz showing 
approximately the domains used to simulate pollution in the city with 
CFD models.
45
G U I D E  B O O K  |  REDUCTION OF EXPOSURE OF CICLYSTS TO URBAN AIR POLLUTION
46
Figure 2. Evolution of hourly concentrations of NOx at the Plaza de la 
Cruz station estimated by the CFD model (blue) and measurements at 
the mentioned station (red) for March 2016.
Figure 3. High resolution map of average NOx concentration (μg/m3) 
during the period from 1st to 14th  March 2015 estimated by the CFD 
model for the district of Plaza de la Cruz (Pamplona).
found, for example, between a sidewalk and the one 
opposite (Fig. 3). The atmospheric conditions, especially 
the direction and speed of the wind and the leaf density 
of the urban vegetation (trees in the streets) can alter 
the distribution of pollutants.
On the other hand, a very high resolution (5 m) CFD 
simulation of the dispersion of pollutants in a city such 
as Pamplona (approximately 42 km2) was carried out 
for the first time in Spain. Although this fact has been an 
extraordinary computational effort, its results have 
allowed a broad and detailed view of how pollutants are 
distributed in the city and how they evolve throughout 
the day according to the season of year (Fig. 4). The 
simulations have focused on nitrogen oxides (NOx) as 
the most important pollutant in the city and mostly 
emitted by traffic. This has made it possible to identify 
the most contaminated streets and at the times of the 
day there are greater or lesser concentrations of pollu-
tants (Rivas et al, 2017).
The results obtained by these simulations of the whole 
city have fitted well the observed concentrations of 
nitrogen oxides in the air quality stations (Fig. 5). They 
have also been compared with the huge number of data 
collected by micro sensors that volunteer cyclists of the 
project have carried out in their regular trips throu-
ghout the city (see chapter 2).
The simulations for all of Pamplona have been used to: 
• Estimate the exposure of the population to pollution, 
allowing economic evaluation studies of its impact on 
the health of citizens.
• Provide input to an smartphone App dedicated to the 
navigator of healthy routes, which will allow cyclists 
and pedestrians to look for the least contaminated 
routes in their journeys through Pamplona,  as well as 
essential information for the development of a Mobility 
Plan for the city.
Figure 4. High resolution time 
maps of the average annual 
NOx concentration during 
2016: 8 a.m., 2 p.m., 8 p.m., all 
of them local time.
In addition, this high-quality performance of the CFD models has 
allowed them to be used to investigate the possible effect of 
measures to mitigate or reduce air pollution in Pamplona.
Modelling the effects of urban vegetation on air quality
To investigate the impact of urban trees on air quality, simulations 
have been carried out analyzing how pollutants are dispersed 
according to the density of the canopy (during the winter it is less 
than during the summer). Keep in mind that vegetation has two 
opposite effects. On the one hand there is the elimination or depo-
sit of pollutants: the vegetation is a sink for contaminants since it 
captures or absorbs them through its leaves. On the other hand, 
there is the disturbance that they produce to the air circulations, 
reducing the ventilation and the dispersion of pollutants. Therefo-
re, it has been investigated which process is dominant in the 
streets of a city, analyzing the concentrations of pollutants resul-
ting from different simulations carried out for the District of Plaza 
de la Cruz, assuming different densities of foliage (little foliage 
would represent winter conditions, a great deal of foliage would be 
summer conditions), and different intensities of the process of 
depositing pollutants by the vegetation (different deposit speeds, 
since it depends on the type of species, etc.).
It has been found that the effect of reducing the dispersive capacity 
and altering the air circulations dominates in most conditions over 
the sink effect. Figure 6 shows the relationship between the diffe-
rent rates of deposition of pollutants (more deposition velocity,
Figure 5. Comparison between modelled and observed hourly NOx concentrations. 
Average annual day in: a) Pamplona-Iturrama, b) Pamplona-Rotxapea. 
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more elimination or capture of pollutant by vegetation) 
with the spatial average of the concentration of NOx at 3 
meters above the ground in the area of study for two 
cases of different density of foliage represented by the 
Leaf Area Density (LAD) (greater LAD, dense foliage). It 
can be seen that when the foliage is denser, the concen-
trations of NOx next to the ground are higher than 
when it is not very dense. In addition, although the 
process of deposition (capture) of pollutants by the vege-
tation is intensified (higher deposition rate), the 
concentration of contaminants will always be greater 
when the foliage is denser, although that the difference 
will be less and less compared to the case of the thin 
foliage. It must be considered that the area that was 
simulated is characterized by streets with traffic covered 
by large trees. In these cases, in which the treetops 
cover a large part of the street and the traffic is emitting 
pollutants, there is a tunnel effect that reduces the 
ventilation of the street, accumulating pollutants emit-
ted by cars near to the ground. As a result, pedestrians 
and cyclists who travel on the road or sidewalks breathe 
more polluted air (Vranckx et al, 2015 and Santiago et 
al, 2017a and b).
Also, an interesting simulation exercise has been 
carried out with the CFD model consisting of seeing 
what happens if, in a street that does not have urban 
trees; large trees with different degrees of foliage density 
are placed on its sidewalks. This has been done for Tafa-
lla Street, next to Plaza de la Cruz, which originally had 
no large trees on its footpaths. The results shown in 
figure 7 indicate that planting trees in a street with 
traffic has a significant impact not only in Tafalla Street 
itself, but in nearby streets altering the spatial distribu-
tion of pollutants. This indicates that any action of this 
type on a street must be accompanied by a previous 
study to see what effects on air quality can be expected, 
since each case and each street have their own particu-
larities.
Figure 6. Variation of the mean spatial concentration of NOx at 3m 
above the ground as a function of the rates of pollutant deposition 
rates by vegetation for two foliage densities (LAD).
Figure 7.  Differences of concentration when comparing a real case 
(without any trees in the street) with a virtual one (with trees in the 
street) Red indicates that the concentration increases in the virtual 
scenario and grey the area where the modelled differences are less than 
20 μg m-3. The continuous line points to Tafalla Street where virtual 
tree placement has been simulated.
The results shown so far, together with those of the 
chapter on urban vegetation, indicate that vegetation 
can exert a potent barrier effect against pollution. If we 
manage to separate pedestrians or cyclists from traffic 
through plant barriers, we will surely reduce the 
concentration of pollutants in the air they breathe. This 
has led us to investigate how this effect can be. For this, 
we have used data the measurement campaigns that 
have been carried out within this project to study the 
effect of hedges and trees located on the footpaths of 
large avenues with traffic (see chapter 3), and simula-
tions have been carried out with the model CFD trying to 
replicate the actual conditions of the measurement cam-
paigns, and later additional ones to see what would 
happen in other conditions, for example, with higher 
hedges.
The simulations carried out of the real case studied in 
the measurement campaign, which corresponds to a low 
hedge of 1 meter high located on the edge of a park with 
the sidewalk of an avenue of Pamplona (without buil-
dings) with the wind blowing perpendicular from the 
road. This shows that the concentration of pollutants 
behind the hedge at ground level is reduced by more 
than 35% compared to the measurement in front of the 
hedge, and 15% compared to a point without hedge loca-
ted at the same distance from the road.  However, at the 
level of the height of the hedge (1 m) the estimated 
concentration exceeds that which would be at the point 
without hedge, equaling that which would be just in 
front of the hedge at the same height (Fig. 8). 
Another simulation has also been carried out assuming 
a hedge of 2 m in height. The result shows a greater 
decrease in concentration behind the hedge next to the 
ground. As before also it is observed that, when we 
approach heights above half the height of the hedge, the 
concentration again exceeds what there would be if not. 
As before, it is observed that the concentration around 
the upper half of the hedge again exceeds the one which 
would be without the hedge.
Figure 8. Results of 
the simulations of the 
experiments on the 
effect of hedges on air 
quality for the real 
case of hedge 1 m 
high and another 
hypothetical 2 m 
high. The colours of 
the curves correspond 
to the measurement 
points in the field 
campaigns, as shown 
in the upper left 
image.
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 It is evident that the aerodynamic effects make the air 
that go through the hedge more concentrated in pollu-
tants per m3, whilst the lower part behind the hedge 
remain pollutant-free, because of the wake effect. Consi-
dering the height of a person, we should consider 
implanting higher hedges or combined with trees that 
suppose a higher barrier and that make the height of 
protection (less pollution than without hedge) is higher. 
We must also consider what would happen in other 
configurations, for example, if we consider trees located 
behind the hedge or the effect of a building, that is, a 
typical configuration of driveway-hedge-sidewalk-buil-
ding. This shows that here there is still a fairly open 
field of research in order to determine which urban 
vegetation configurations are most suitable to ensure 
good protection (separation) of the pedestrian areas or 
bike lanes from the roadways.
Measures to improve air quality
If we want to reduce air pollution in a city, it is obvious 
that reducing or restricting vehicle traffic has to be 
considered as a measure at least in those areas of the 
city with the worst air quality (Parra et al, 2010). Based 
on this idea, a set of simulations focused on the district 
of Plaza de la Cruz have been carried out assuming diffe-
rent scenarios of reduction or total restriction of traffic 
applied to the secondary streets of that district. It has 
been considered that these measures are applied to a 
different number of streets, that is, the reductions or 
restrictions of traffic in a set of smaller streets (just 
those closest to Plaza de la Cruz) and another area much 
wider that encompasses this mentioned area (extending 
to the East). It has been considered the reduction of 
100% (total traffic restriction), 80% (partial restric-
tion) and also the redistribution or diversion of restric-
ted traffic in the affected streets towards the main 
avenues that surround those areas (0% without redistri-
bution, 30% and 60% redistribution). 
The volume of results is quite large, since it is a total of 
12 simulated scenarios, but the general conclusions are 
the same for the large area of restrictions as well as the 
small area. It can be affirmed that a total traffic restric-
tion has made a big impact on the air quality of the affec-
ted area. Pollution in the Plaza de la Cruz would have 
decrease by more than 70% on average (i.e., it would 
almost disappear) if there was no redistribution or 
diversion of traffic to the large avenues surrounding the 
area (Fig. 9). But this case is not very representative, 
since it is very likely that the restriction of the traffic 
implies that air takes different paths through the 
avenues.
Assuming that 60% of the traffic in small streets is 
diverted to the avenues, the reduction of pollution in 
Plaza de la Cruz is 50% on average, which is also a very 
important reduction. However, the increase in pollution 
in the surrounding large avenues and nearby streets is 
very significant (above 80% in many sections). On the 
other hand, the total restriction of traffic in these areas 
considered is very unrealistic, since it is necessary to 
allow certain traffic of private vehicles of residents, com-
mercial distribution, and/or public services: transport 
(for example, taxi), cleaning and rubbish collection, 
emergencies, etc.
Based on this idea, we have contemplated scenarios in 
which traffic is reduced by 80%, leaving 20% of unres-
tricted traffic in the studied areas. In the case of that 
there is no increase in traffic in the surrounding 
avenues, pollution in Plaza de la Cruz decreased by 50% 
on average, but when a traffic increase of 60% is assu-
med in the avenues, the concentration in Plaza de la 
Cruz drops less than 40%, and increases in the avenues 
and surrounding streets by more than 80% in several 
zones (Fig. 9). This shows that traffic restrictions are 
very effective measures in the areas where they are 
Figure 9. Relative differences of NOx concen-
tration in the District of Plaza de la Cruz 
estimated for the cases in which the zone 
indicated in the map above have been applied 
to different traffic restrictions: traffic 
reduction 100% (above) and reduction of 
traffic by 80% (below); and with different 
redistribution of traffic: with 60% of the 
traffic diverted to the surrounding avenues 
(left) and without diverted traffic (right)
applied, but may have an increase in pollution in the 
surrounding streets and avenues if complementary mea-
sures are not adopted (public transport enhancement, 
for example) that avoid or counteract the possible 
increase in traffic in avenues and surrounding streets 
(diverted to avoid the restriction zone).
Furthermore, in the last few years new technologies and 
different materials have been developed and seem to 
clean or reduce the pollution in cities. One of those 
materials is the group called photocatalytics, based on 
titanium oxides and characterized by its ability to react 
with nitrogen oxides under the effect of solar radiation 
(Lim et al., 2000 and Dalton et al., 2002). In other 
studies in which CIEMAT has participated (LIFE MINOx 
Street project), consisting of field experiments in real 
streets and modelling exercises, it has been seen that the 
efficiency of such materials (used in the form of tiles, 
paints, pavements) to eliminate nitrogen oxides in a real 
urban atmosphere is quite low (Palacios et al., 2015, 
Pujadas et al., 2017, Sánchez et al., 2017).
However, it has been well considered to inquire about 
what would be their effect if they were used in the 
district of Plaza de la Cruz. For this purpose, CFD simu-
lations of the NOx dispersion were carried out in the 
Plaza de la Cruz area considering that in an area of 
about 400 x 400 m2, photocatalytic material was insta-
lled on the sidewalks (Figure 10). If we analyze the rela-
tive difference between the concentration around the 
breathing level of pedestrians and cyclists, obtained in 
the case of having photocatalytic material against the 
case of not having it, we can see that the reduction of the 
maximum concentration of pollutant in Plaza de la Cruz 
does not reach 6%, and on average it would be between 
3 and 4%. In the whole of the area, the average reduc-
tion is around 2%. Therefore, the photocatalytic mate-
rial is not entirely effective in reducing pollution in an 
urban area, and is clearly less effective than other mea-
sures such as traffic restriction.  
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Conclusions
The CFD models used fit very reasonably to the data 
recorded in Pamplona air quality measurement stations 
and to the data collected in the experimental campaigns 
carried out in that city, either with fixed or mobile equi-
pment (data from sensors carried by volunteer cyclists). 
These models show the great spatial variability of the 
concentration of pollutants within the streets, giving a 
very high resolution view of the pollution in the city. 
One of the great novelties of this study is that for the 
first time in Spain, and almost in the world, it has been 
possible to use very high resolution CFD models to simu-
late pollution in a medium size city like Pamplona, 
which has a huge computational effort. This has helped 
to detect which streets are the most polluted and at what 
times more pollution occurs.
At the moment, there is no general criteria that can be 
established regarding the use of urban vegetation. For 
each particular case, it is necessary to analyze the 
impacts that it may suggest on air quality, but also 
taking into account the thermal comfort, the energy 
consumption of the buildings or the emissions of VOCs 
and allergens. In addition, it is necessary to study what 
type, size and shape of trees and vegetation are better in 
each case, the most suitable locations within the street 
or with respect to the road, etc.
Finally, the effect of other measures to reduce pollution 
has been analyzed, as is the case, of pedestrianizing 
some non-main streets around Plaza de la Cruz, conside-
ring the redistribution of traffic, or the effect of insta-
lling photocatalytic pavements in several streets of that 
district. The first option is much more effective than the 
second. Traffic restrictions drastically reduce pollution 
in the affected streets, but can increase it in the 
surrounding areas if traffic is diverted to them. On the 
other hand, the reduction of the concentration of NOx at 
the breathing level of pedestrians due to these photoca-
talytic pavements is small.
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The impact that changes in the routes’ slopes have on 
cyclists cannot be overlooked when estimating their 
exposure to pollution. An increase in heart rate can 
mean that breathing frequency is doubled, so the air 
intake into the lungs becomes increasingly higher than 
when at rest or while cycling on flat roads. Combined 
with the variation in speed, it is clear that the exposure 
to urban air of a road of a certain length can change 
significantly depending on the ascending or descending 
slope of the route. Therefore, just knowing the 
estimation of pollutants in a given road may not be 
enough; you also have to consider the average gradient 
and the direction the cyclists travel. In this regard, the 
exposure to occasional high concentrations of high air 
pollution can be detrimental to the health of cyclists and 
pedestrians, hence the need to carry out studies that 
investigate these aspects to improve their quality of life.
Conclusions
The use of transport in cities has a significant impact on 
society, including reducing emissions of greenhouse 
gases and other pollutants that are harmful to health, as 
well as an increase in physical activity. However, cyclists 
(and to a lesser degree pedestrians) are more exposed 
than other citizens to air pollutants generated by traffic, 
a fact related to the physical exercise that they carry out, 
namely the intense exercise undertaken in certain roads 
with steep slopes, which implies a significant increase in 
the intake of air pollutants. 
Taking into account the environmental and health bene-
fits of active transport, whether it be by foot or by bicy-
cle, it is clear that politicians and municipal managers 
must be encouraged to develop roads with less contact 
with motorised traffic, so that cyclists can commute 
during peak hours without being subjected to high levels 
of pollution.
In this regard, the Healthy Route Planner developed in 
the LIFE+RESPIRA project is a very useful tool to help 
citizens move around through those routes that show a 
lower level of air pollutants, therefore improving their 
quality of life.
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5. Impacts of URBAN 
pollution
Social perception of air 
pollution
The study of individual and social reactions to urban air 
pollution has been the subject of psychological and 
social research for more than three decades (Saksena, 
2011). In addition to examining the extent to which the 
reactions of individuals are influenced by different 
psychological, sociocultural and environmental factors 
(Williams and Bird, 2003, Simone et al., 2012), resear-
chers have also analysed aspects such as the perception 
of severity in relation to air pollution (Vanderslice and 
Peterson, 2014, Liao et al., 2015), the levels of personal 
annoyance generated (Claeson et al., 2013), the coping 
strategies developed by citizens (De Boer et al., 1987; 
Evans et al., 1988) and their use of air quality informa-
tion (Smallbone, 2012; Radisic et al., 2016).
The understanding of all these type of reactions consti-
tutes an essential element for the management of air 
quality in cities. In this context, this paper aims to 
contribute to the design of interventions aimed at 
producing changes in the individuals’ behaviour, both to 
reduce pollution and to protect against their impacts, 
helping them to become aware of an aspect as relevant 
as the air quality.
Methodology used
The results of this study are based on an on-line survey 
administered to a sample of 242 citizens of the city of 
Pamplona and two on-line focus groups with 19 citizens.  
The following dimensions were analysed: subjective 
evaluation of air quality; attention to air quality; anno-
yance, sensory experience, symptoms and quality of life; 
perception of risk; emotional responses; controllability 
and self-efficacy; behaviour (protection actions, reduc-
tion actions and involvement actions) and evaluation of 
informative materials.
The results of this work have been compared with those 
obtained in a previous study (Oltra et al., 2015) carried 
out in four Spanish cities: Barcelona, Madrid, Zaragoza 
and La Coruña.
The questionnaire was designed ad hoc taking into 
account the objectives of the study, since no existing 
instruments were found that met the proposed needs. 
The development of the questionnaire was based on an 
exhaustive literature review on the subject (Table 1).
Beliefs and behaviour of the citizens of 
Pamplona in relation to air pollution
The citizens of Pamplona consider that air quality in 
their neighbourhoods is good. In general, they report 
that the city does not face air pollution problems and 
they comment, for instance, that the city is surrounded 
by natural areas and therefore cannot be contaminated. 
Similarly, a majority of participants say they do not pay 
attention to the air quality when they travel through 
Pamplona and more than half say they have not felt any 
annoyance related to air pollution in the last month. In 
terms of sensory experience, a low percentage of partici-
pants affirm to perceive smog (14%), or streets with too 
much smoke from the car exhausts (15%). RegardingTable 1. Publications revised to develop the questionnaire.
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The degree of awareness that participants have about 
the risk of contamination in health is high, since 90% of 
the sample claims to have heard about its effects. Likewi-
se, we found a considerable perception of danger, 
placing the average at 3.4 on a scale of 1 to 5. However, 
their knowledge of the specific diseases caused by air 
pollution is smaller. Regarding the perceived severity of 
the effects of pollution, half of the sample considers that 
they are moderate and 41% think they are serious, with 
a small percentage affirming that they are minor 
problems. However, 96% of the interviewees consider 
that these effects will occur in the medium or long term, 
showing little concern for immediacy.
Although the citizens of Pamplona perceive the health 
risk derived from air pollution, in general they do not 
show negative emotions related to this belief. Thus, they 
show low levels of distress and anger, in addition to 
considering that air pollution is not really unpleasant. 
They only show low levels of concern.
Most participants believe they have very little control 
over their exposure to air pollution. Almost half believe 
that there is no action they can take to protect themsel-
ves from urban air pollution. When asked about possible 
actions to reduce their exposure, the most frequently 
mentioned behaviours were ”avoiding streets with a 
large volume of traffic” (29%), followed by ” wearing 
masks” (22%). Even so, very few participants declare to 
carry out protective behaviours such as avoiding 
opening windows, avoiding physical exercise outdoors 
or modifying their leisure habits due to air pollution 
during the last month. The efficacy associated with 
protective actions is very low; since they consider that 
the benefits of self-protection are limited; probably as a 
result of their idea the pollution in Pamplona is low. In 
terms of the actions facing the pollution situations, a 
large percentage showed to ignore it and continue with 
the activities that were carrying out, reinforcing this 
notion of little concern and low self control. Very few 
citizens also admit to carrying out actions to reduce air 
pollution, such as to discontinue using their cars or 
rather using public transport.
Table 1. Publications revised to 
develop the questionnaire.
Figure 2. Subjective evaluation of air 
quality in Pamplona
Empirical studies on perception of pollution
Previous study with discussion groups
Previous questionnaires on air pollution
Other relevant publication
Araban et al., 2013
Brody et al., 2004
Bickerstaff and Walker, 2001
Claeson et al., 2013
De Boer et al., 1987
Deguen et al., 2012
Dixon et al., 2009
Elliott et al., 1999
Howel et al., 2003
Johnson, 2003
Nowka et al., 2011
Simone et al., 2012
Smallbone, 2012
Weber et al., 2000
Zeidner and Shechter, 1988
Sala et al., 2014
APQ (Deguen et al., 2012) 
 
Health Belief Model (Becker, 1974)
Dillard et al., 2012
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Regarding information behaviours, participants of Pam-
plona have reported low levels of information actions 
and low involvement in air quality issues. In this sense, 
most of the participants have not looked for information 
about pollution levels or have ever consulted the levels 
of the AQI (Air Quality Index). Even so, 55% of them 
declared to know about the existence of warnings and 
alerts about air pollution. Television and press are the 
most popular ways to learn about air quality, far above 
others such as social networks, which are considered to 
have less credibility. 
Finally, regarding some of the news generated to disse-
minate the project, some non-traditional news platfor-
ms, such as YouTube, stand out positively, which is very 
understandable and trustworthy for participants. Even 
so, traditional media such as the press or television also 
obtain the most positive evaluation. What seems more 
complicated is whether this news is able to change the 
habits of the participants in relation to air pollution. 
Differences by socio-demographic profile 
Some differences are observed if we take into account 
the socio-demographic profile of interviewees. For 
instance, men are less concern about air pollution than 
women. Men tend to ignore and continue with their 
activity in a situation of contamination, while women do 
not. In addition, men report higher levels of self-efficacy, 
that is; they believe they are more able to protect them-
selves from air pollution. A lower sensory perception of 
symptoms was found among men.
Men also stand out positively in information behaviours 
regarding air quality. Thus, they feel better informed; 
they are the ones who report to a greater extent having
heard or read news about air pollution and also have a 
greater knowledge of the existence of warnings and 
alerts. Finally, as regards to the media use, they tend to 
use the press to obtain information about air pollution.
Taking into account socio-economic level, people on the 
lowest social scale are those who claim to have less 
control over their exposure to air pollution. In addition, 
in terms of emotional responses, are those who report a 
higher level of distress.
When age factor is taken into account, people who are 
older are those who have better knowledge of chronic 
diseases caused by pollution. On the contrary, in terms 
of knowledge of the existence of warnings and alerts 
about pollution, the youngest stand out, with a greater 
knowledge of these alerts. In addition, the youngest also 
stand out for using the Web and Twitter as a means of 
information, a possible explanation to their higher awa-
reness of warnings and alerts, as they are often dissemi-
nated through the Internet.
Figure 3. Assessment of sources of information on air quality.
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In the case of people suffering from a chronic 
respiratory disease, it is observed that they show greater 
susceptibility and severity beliefs, paying more attention 
to air quality than people who do not suffer from such 
diseases. This higher susceptibility is also observed in 
the average of suffered symptoms, showing a greater 
number of symptoms for people with chronic diseases. 
These participants show a better knowledge of the 
specific diseases caused by air pollution. They stand out 
for the use of Facebook as a means of inform themselves 
about air pollution issues.
Finally, regarding people with children, it is observed 
that they are the ones who show the greatest concern 
regarding pollution. These participants declare to use 
the web to inform themselves about air pollution.
The perception in Pamplona regarding Barcelona, 
Madrid, La Coruña and Zaragoza
If we compare Pamplona with the other cities studied, 
the citizens of Pamplona perceive to a greater extent that 
the air of their city is good or very good, unlike those in 
Madrid and Barcelona, but also citizens from Zaragoza 
and La Coruña. This pattern repeats for most of the 
variables studied: attention to the quality of the air they 
breathe, annoyance due to air pollution, physical symp-
toms caused by pollution (such as breathing difficulties, 
eye irritation or headaches) and impacts on the quality 
of life. In Pamplona citizens say they pay less attention, 
are less annoyed, suffer fewer symptoms and have less 
impact on their quality of life. These differences between 
the five cities studied are statistically significant.
Likewise, Pamplona presents a lower perception of the 
risk derived from air pollution than that found in the 
other four cities. Around 52% of the total number of 
people interviewed in Pamplona considers that air pollu-
tion is quite or very dangerous, a lower percentage than 
the average of the other four cities, where this figure 
reaches 80%. There are also differences in the diseases 
attributed to pollution, being the citizens of Pamplona 
those who have a lower knowledge about it. In the same 
way, the citizens of Pamplona consider the effects of 
pollution as less serious than citizens of other cities. On 
the other hand, the degree of public awareness about the 
effects of air pollution on health doesn’t show signifi-
cant differences between Pamplona and the rest of the 
cities studied. In other words, the citizens of the five 
cities have heard about the harmful effects of pollution 
equally. If we look at the emotional responses of citizens, 
we see that the Pamplona data reflect less concern than 
in the other four cities, and also less distress. In addi-
tion, the participants in Pamplona are the ones that 
have reported a lower level of anger regarding air pollu-
tion.
Figure 4. Perception of air pollution according to the 
socio-demographic profile.
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Figure 5. Subjective assessment of air quality in other cities of Spain.
Figure 6. Degree of concern of citizens about air pollution.
In personal self-efficacy, no statistically significant diffe-
rences were found between Pamplona and the rest of the 
cities. That is, the citizens of the five cities believe equa-
lly that there are no actions that they can carry out in 
their daily live to protect themselves from pollution. 
However, when the participants were asked if they spon-
taneously took any action to protect themselves from 
pollution, the answers were different between the four 
cities and Pamplona. In the case of the other four cities, 
the most repeated action was to wear masks (31%), 
while in the case of Pamplona the most repeated action 
was to avoid traffic zones (29%). When asking about the 
list of concrete actions carried out during the last month 
(modifying their leisure habits, avoiding physical exerci-
se, staying at home, etc.), the citizens of Pamplona 
report the lowest rates of implementation. 
As regards to whether they stopped using their private 
vehicles for some time due to air pollution, statistically 
significant differences are observed between the 5 cities 
studied. Pamplona is the one that shows a higher 
percentage (12%). However, the other cities are between 
9 and 10%.
Finally, in relation to information behaviours, the 
citizens of Pamplona are again those that report lower 
levels, although in general, reduced levels of involve-
ment have been found in the sample as a whole. For 
example, only 8% of those interviewed in Pamplona, 
13% in La Coruña, 19% in Barcelona, 21% in Madrid or 
22% in Zaragoza declared to have searched for informa-
tion on air quality levels in their city through the inter-
net, the press, etc. Regarding the knowledge of warnings 
and alerts when certain pollution levels are exceeded, in 
Madrid and Barcelona, for example, close to 70% of 
those interviewed is aware of the existence of alerts. 
This percentage is reduced to 60% in Zaragoza, 55% in 
Pamplona and 52% in La Coruña. These differences 
between cities are statistically significant. In the case of 
the AQI consultation, however, the differences exist 
between Pamplona, Barcelona and La Coruña in relation 
to Madrid and above all in relation to Zaragoza, where 
much higher percentages are reported.
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Conclusions
Motivating and facilitating individual actions of involve-
ment, reduction and self-protection against the impacts 
of air pollution should be, along with structural and 
regulatory measures, one of the fundamental goals of air 
quality management in cities. Therefore, it is necessary 
to take into account the psychosocial dimension of air 
pollution. The reaction of individuals to air pollution is 
sometimes more complicated than it is assumed. 
Citizens have certain beliefs, attitudes and behaviours in 
relation to this environmental problem that, if they are 
not taken into account, can lead to the failure or ineffi-
ciency of certain communication, mitigation and health 
protection strategies.
The data of this study is intended to be useful in the 
development of risk communication and public involve-
ment programs of the LIFE + RESPIRA project in the 
field of urban air pollution in Pamplona with the inten-
tion of promoting the change of citizen behaviour.
The results of psychosocial research could contribute to 
the inclusion of social indicators (arising from the 
appreciation of the same target population) in the 
socio-economic assessment of the problem. , These 
results could also contribute to improve the design and 
evaluation of the intervention and dissemination strate-
gies. In addition, the inclusion of the social dimension 
complements the environmental, economic, epidemiolo-
gical and technological analysis that has been carried 
out in the project. To sum up, this study supposes an 
added value to the general objectives of the project.
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Economic valuation of the impacts 
caused by air pollution
Air pollution in the cities has important effects on the 
health of its inhabitants, which basically result in two 
types of conditions: on the one hand, incidences in mor-
bidity, especially cardiovascular and respiratory disea-
ses, and on the other hand, increase in premature mor-
tality, analyzed in terms of reduced life expectancy.
These effects lead to direct economic costs, such as 
health expenses, but also indirect or external costs in 
the form of welfare loss. Therefore, the value of the 
damage associated with the deterioration of health is 
made up of three different components:
1) The cost of treatment of diseases (medication and 
equipment).
2) The opportunity cost derived from sick leave, 
which includes both the value of productivity lost 
due to absenteeism or lower performance, and the 
value of leisure time sacrificed as a result of the 
illness.
3) The loss of well-being caused to relatives and 
patients.
Regarding the identification of specific pollutants that 
cause health impacts, as recognized by recent studies, 
such as the one published by the European Environ-
ment Agency in 2017 (EEA, 2017), the most important 
effects are caused by small particles - diameter less than 
2.5 microns - or PM2.5. However, an important part of 
the health conditions are caused by the emissions of 
nitrogen oxides, such as NO2, emissions that are associa-
ted with traffic almost entirely and therefore are those 
that have been investigated in the LIFE+RESPIRA 
project.
Study of the impact route
To estimate the damage caused by air pollution, it is 
necessary to apply a complete methodological process 
known as an impact pathway. This methodology offers 
an analytical framework capable of transforming the 
information related to the emission of different pollu-
tants into a common unit: monetary units. For this, it is 
necessary to develop a methodological process that 
consists in following the pollutants throughout all the 
phases, from their emission until they reach the recep-
tors, causing them damage. The following stages can be 
distinguished:
a) Emission of pollutants. This study focuses on the 
emission of NO2.
b) Atmospheric concentration: this consists in 
estimating the change in environmental quality 
derived from an increase in emissions. For this, 
atmospheric dispersion models are used.
c) Exposure of the population to the concentrations 
of NO2 produced. For this it is necessary to know the 
spatial and age distribution of the city's population.
d) Environmental impact, whose estimation is 
carried out through the application of exposure-res-
ponse functions that allow determination of the 
increase in the health endpoints caused by an 
increase in the atmospheric concentration of the 
pollutant.
e) Damage caused, which consists in estimating the 
value that the population attributes to the impacts 
caused by pollution. This estimation makes it possi-
ble to determine the deterioration of the wellbeing of 
the population as a consequence of the variation in 
the atmospheric quality induced by the pollution of 
transport in the urban environment.
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The project's modelling activities have resulted in detai-
led maps of NO2 concentration throughout the city of 
Pamplona. Likewise, using the data of the Municipal 
Census of Inhabitants, it gives you the distribution of 
the population of the city of Pamplona in a grid of cells 
100 x 100 m, as well as its distribution by age. The base 
incidence of diseases related to exposure to NO2 is also 
known or estimated.
For the quantification of the impacts, the exposure-res-
ponse functions proposed by the World Health Organiza-
tion (WHO, 2013) have been used to estimate the effects 
on health.
The process of calculating these impacts follows this 
general formula:
I = C x P x R x CRF x V
Meaning:
I: Impact expressed in number of additional cases
Ci: Concentration of the pollutant
P: Population at risk
R: Incidence ratio
CRF: Concentration response function or change in 
incidence per unit of concentration
V: Monetary valuation of the impact on health
The concentration response functions used are those 
proposed by the WHO in the HRAPIE project and are the 
following:
Effects of long-term exposure to NO2 on mortality in the 
population over 30 years of age. The WHO experts 
recommend the application of a linear CRF function that 
corresponds to a relative risk (RR) of 1.055 (confidence 
interval 1.031-1.08) for every 10 μg/m3 of annual mean 
concentration of NO2. This RR value is obtained from the 
meta-analysis carried out by Hoek et al. (2013) and 
considers a threshold concentration of 20 μg/m3. The 
mortality rate has been obtained from the Statistical 
Institute of Navarra for the province of Navarra and is 
0.89% for the year 2015. 
(http://www.navarra.es/AppsExt/GN.InstitutoEstadistic
a.Web/informacionestadistica.aspx?R=1&E=1).
Effects of long-term exposure to NO2 on the onset of 
bronchitis symptoms in asthmatic children between the 
ages of 5 and 14 years. For the consideration of these 
effects, the WHO recommends the use of the results of 
the study by McConnell et al. (2003), which calculates a 
RR of 1.021 (confidence interval 0.99-1.06) for every 1 
μg/m3 of NO2. The percentage of asthmatic children in 
the city of Pamplona has been obtained from the data of 
the Primary Care Service of the Navarra Health Service 
for each of the health areas of the city. The prevalence of 
bronchitis symptoms in asthmatic children has been 
considered as an average of the values obtained in the 
studies of Migliore et al. (2009) (21.1%) and McConnell 
et al. (2003) (38.7%).
Effects of short-term exposure to increased levels of NO2 
in mortality. To study these effects, WHO recommends 
using the results of the APHEA-2 project (Samoli et al., 
2006) covering 30 European cities and obtaining an RR 
value of 1.0027 (confidence interval 1.0026-1.0038) for 
every 10 μg/m3 of daily maximum 1-hour mean concen-
tration of NO2. 
Effects of short-term exposure to increased concentra-
tions of NO2 in hospital admissions for respiratory 
diseases. The WHO recommends the use of RR values 
from the study by Anderson et al. (2007) of 1.018 (con-
fidence interval 1.0115-1.0245) per 10 μg/m3 of average 
24-hour mean concentration. The basic value for 
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Table 1. Monetary values of health conditions used in this studyhospidtalizations for respiratory diseases has been 
obtained from the database of the WHO European Hospi-
tal Morbidity Database (http://data.euro.who.int/hmdb/) 
and is 1.26% for Spain.
Experts in the HRAPIE project classified the recommen-
ded exposure-response functions (CRFs) in two catego-
ries:
• Group A: CRFs that allow a robust quantification of 
the effects. The last two functions are included in this 
category.
• Group B: CRF for which there is more uncertainty 
about the accuracy of the data used to quantify the 
effects. The first two functions are included in this cate-
gory.
In this evaluation both the functions of group A and 
those of group B have been used, so that a limited set of 
impacts based on the sum of the functions of Group A * 
has been calculated first and then an extended set of 
impacts based on the sum of the functions of Group A * 
and Group B *.
The monetary valuation of these impacts is done by mul-
tiplying the impacts in physical terms by the unitary 
monetary value of each condition to health. These unit 
values aim to capture the total economic impact of 
health impacts and include health costs, lost productivi-
ty and aversion to poor health or reduced life expectan-
cy. The monetary values used in this study are those 
used by Holland in the cost benefit analysis of the Clean 
Air Package of the European Commission (Holland, 
2014). These values, updated to Euros in 2015 using the 
variation of the CPI, are shown in Table 1.
Costs associated with pollution levels
The results obtained show that, in 2015, around 7% of 
the population of Pamplona has been exposed to levels of 
nitrogen oxides contamination above the maximum 
levels of 40 μg/m3 recommended both by the European 
Union and by the WHO.
This exposure leads to the appearance of various health 
effects that have been quantified, for the conditions exis-
ting in 2015, to 18 years of life lost due to exposure to 
high levels of pollution in the city, 120 hospital admis-
sions for respiratory diseases, 152 additional cases of 
bronchitis in asthmatic children and 60 years of life lost 
due to long-term exposure to these increased levels of 
contamination (Fig. 1). The results of the uncertainty 
analysis performed are shown in the graph as error 
bars.
These effects translate into medical costs and loss of 
well-being that are called external costs or externalities. 
The results obtained, as can be seen in Figure 2, amount 
to a total of € 1.57 million (1.04-2.19) if we only take 
into account the effects considered as A * (green in the 
graphs), and a total of € 5.7 million (5.62-8.27) if we 
consider all the effects. The most important external 
costs are due to the reduction in life expectancy followed 
by hospital admissions due to respiratory problems and 
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Figure 1. Effects on health due to exposure to .NO2.
Figure 3. Distribution of external costs calculated.
Figure 2. External costs due to the health effects of NO2.
External costs due to health effects are distributed 
spatially as shown in Figure 3 and are higher in areas 
where there is a higher concentration of pollutants and 
where the population density is higher.
In this area where external costs are higher, the effects 
of the measures explored in this project to reduce urban 
pollution have been quantified (chapter 4). These mea-
sures are the following:
• Installation of urban trees in one of the streets.
• Installation of photo-catalytic pavements.
• Redistribution of traffic to avoid these more densely 
populated areas.
The introduction of urban trees in one of the streets in 
the area showed very similar external cost results. This 
is because in addition to reducing contamination by 
deposit, the trees affect the vertical and horizontal 
transport of the pollutant and that this aerodynamic 
effect can, under certain conditions, be more important 
than the deposit effect. The correct choice of the vegeta-
tion layout and the chosen species are crucial to achieve 
the desired mitigation effects.
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The installation of photocatalytic pavements on the foot-
paths of this area of the city resulted in the reduction of 
the concentration of NO2 in the area, with a correspon-
ding reduction in the effects on health and the associa-
ted external costs of 2%.
The traffic redistribution scenarios analyzed consisted 
of cutting the total or partial traffic in this area of the 
city and its total or partial redistribution in the 
surrounding streets. The results showed a very impor-
tant potential for reducing impacts of up to 58% when 
the traffic in a large area of this area of the city was tota-
lly eliminated and it was not redistributed in the 
surrounding areas. When this traffic is redistributed 
through other streets and these are densely populated, 
the results show greater impacts on health. Therefore, it 
is important to design with care these measures of redis-
tribution of traffic to prevent it from accumulating in 
nearby streets, generating undesired effects.
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Conclusions
The results obtained from the quantification of impacts 
of NO2 emissions by road traffic carried out in LIFE + 
RESPIRA show that around 7% of the citizens of Pam-
plona have been exposed in 2015 to levels of nitrogen 
oxides contamination above of the maximum levels of 40 
μg/m3 recommended both by the European Union and by 
the WHO. This caused important impacts on health, 
which in economic terms represent a loss of between 
€1,570,000 and €5,750,000.
The results obtained from the analysis of the mitigation 
measures show that these measures, if they are well 
designed, improve the welfare of the population of Pam-
plona by reducing health conditions and associated 
external costs.
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When characterising the cycling mobility of a city, it’s 
just a question of seeing if it is really useful, by answe-
ring a series of essential questions about the bicycle 
users and the journeys they make. 
What you basically want to identify is the number of 
cyclists that ride along the city roads on a daily basis, 
how many journeys they make, who the cyclists are, 
their profiles and what characteristics they have, what 
type of trips they take, when they ride (hourly and 
seasonal distribution), and their typical routes. 
ELEMENTS AND METHODOLOGY FOR CHARAC-
TERIZING
 Determining the number of cyclists and trips 
by bicycle
One of the major concerns for managers when characte-
rising mobility is understanding the volume of regular 
cyclists within the municipal, or the number of trips 
they make throughout the day. Having access to any of 
this data, or even knowing the percentage of journeys 
out of the total journeys made in all modes of transport 
in the city would provide a very clear indication on the 
weight of cyclist mobility in the metropolitan area. 
However, despite its importance and apparent simplici-
ty, there is no easy way of accessing this information, as 
in this day and age, acquiring it would mean polling the 
whole population. These are the so-called "household 
surveys on mobility" or, the shortened form "mobility 
surveys". 
These works are complex and costly to tackle, as the 
survey universe is the entire population being studied 
and therefore the sample is very large. Furthermore, 
mobility surveys are usually carried out stratified by 
urban areas of homogeneous behaviour known as 
"transport areas", which makes the sample sizes increa-
se considerably, with the aim of having representative 
results for each area. 
Conducting household surveys usually involves ques-
tionnaires with a host of questions, which demands a lot 
of time from each surveyed household. 
In the particular case of cyclist mobility, given that this 
means of transport only makes up a fraction of the trips 
made overall, it is easy for the modal split share to fall 
below the calculated margin of error for the survey, 
which poses an added challenge.     
All this means that this type of work is extremely costly 
and only in certain occasions do public bodies (usually 
the City Councils or Consortiums responsible for public 
transport) consider doing them (Pazos, 2005).
/ Determining the cyclist profile
To better understand the characteristics of cyclists, you 
can turn to a wider range of sources than in the 
previous case. First of all, information can be extracted 
from the mobility surveys themselves, as they collect a 
lot of personal information about the respondents in 
each household. Aspects such as age, gender, education 
and work activity are always an integral part of any 
questionnaire of this type.
You can also obtain this information through more 
 Depiction of the cycling 
mobility in Pamplona
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specific surveys, aimed exclusively at cyclists in the city. 
In this case, the type of operation becomes easier, since 
the survey universe is a much smaller population (peo-
ple who travel by bicycle in the city), and the sample size 
is therefore easier to manage. However, calculating this 
parameter can be a problem if global data on urban 
cyclists is not available.
Lastly, you can also obtain a very basic characterisation 
of cyclists through other methods, not specifically inten-
ded for this purpose, such as bicycle counts. Particularly 
when these are carried out manually, it is possible to 
collect information not only on transit points and direc-
tion of traffic, but also on the cyclists themselves, at 
least recording the gender and an approximate age to 
large groups, for example: children, young people, 
adults and the elderly. 
/   Determining the reason for travel
The travel motive is another key aspect when it comes to 
understanding mobility in any means of transport, and 
cycling is no exception. There are two ways of determi-
ning the reason for travel: the purpose of the trip (that 
is, commuting for educational or work purposes, for 
leisure, shopping etc.) or the reasons that justify choo-
sing a particular means of transport over another (for 
speed, economy, health and safety etc.).  
Again, the best way to collect this information is turning 
to surveys, whether they are general mobility surveys or 
specifically targeted at cyclists (where these types of 
questions are always included). The reason for travel 
can sometimes be gathered directly from the place where 
the survey (or any other activity to analyse mobility) is 
being conducted, such as bicycle counts or tallying the 
number of parked bicycles. For example, if any of these 
activities are carried out at a school or university, you 
can determine, without much margin of error, that the 
travel motive is studying.
 Determining the time of trips 
Another particular feature when analysing cycling 
mobility is the time of travel. Just like all mobility com-
bined has peak travel periods, cyclists are also subject to 
the same peak periods. 
In principle, you can see a very skewed distributed of 
trips, according to the time of year. Therefore, you can 
identify seasonal cycles that are linked to weather condi-
tions (Nosal and Miranda-Moreno, 2014), holiday 
periods, specific days of the week, (particularly among 
working days and holidays) and to the time of day 
(night to day, with morning and afternoon peak travel 
periods, etc.) 
You can obtain information in this regard through 
mobility surveys, cycling questionnaires and bicycle 
counts. By properly designing the survey questions and 
outlining bicycle count models, it isn’t difficult to 
extract the necessary data to obtain seasonal, weekly 
and hourly distributions of trips.  
 Determining the routes
To conclude, the last of the big questions about urban 
cycling mobility is understanding where cyclists travel, 
that is, which routes they take through the city each 
day.  
This is undoubtedly one of the aspects of greatest inte-
rest for the municipal mobility managers with regards 
to forecasting road infrastructures and other measures.  
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There are a variety of ways to obtain information on this 
matter. Firstly, one could turn to the surveys again 
(both general mobility surveys or those specifically 
targeted at cyclists). However, the data collected from 
these is in most cases confined to generic information 
about origins and destinations of the trips, which provi-
des a matrix of trips by neighbourhood or area of the 
city, but without the specific streets where they are 
riding. 
The following set of sources is composed of the different 
types of bicycle counters: manual counts, pneumatic 
tube counters, video cameras (Zangenehpour et al., 
2015). Depending on the technique used, the counting 
model must be specially designed to make the most of 
the work being carried out. 
For example, manual counts can collect the largest 
amount of data from a single point, but given that they 
are so costly (due to the large amount of labour requi-
red), it is inconceivable to repeat them on a large scale 
or on a regular basis. On the other hand, pneumatic 
sensors can stay on the road for a long time, at any time 
of day and in more adverse weather conditions, (althou-
gh they only provide data on the number of transits, and 
very likely not across the whole road, but rather only a 
small section of it). 
In addition to bicycle counts, associated with the new 
technologies, other systems have been developed whe-
reby the cyclists carry a type of device, for example a 
smartphone, with a GPS system which is able to trans-
mit the location through a telephone card. This way, 
their movements are automatically uploaded onto a 
large database.
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Characterising the cycling mobility in Pamplona
Having reviewed the points that need to be answered in 
order to characterise cycling mobility in the city, toge-
ther with the methodological tools that enable us to do 
so, we will now review the different works carried out in 
Pamplona in regards to that matter. 
Mobility surveys 
Over the last quarter of a century several works have 
been carried out in the metropolitan area of  Pamplona, 
which fit the profile of what we consider to be a mobility 
survey (Table 1). Firstly, there was a study carried out 
externally by TEMA Grupo Consultor S.A. on urban 
transport mobility in the Pamplona comarca, called the 
“Estudio de Movilidad en relación con el transporte 
urbano en la Comarca de Pamplona”, (Government of 
Navarre, 1977). 
This study was based on a mobility survey with a sample 
of 2,350 households (including 7,537 residents), 
conducted among the whole of the Pamplona comarca 
region in November 1996.
For its part, in 2004, the City Council of Pamplona com-
missioned a household survey as part of the “Pacto de 
Movilidad”, which is a mobility pact that was confined to 
the municipal level of the capital (City Council of Pam-
plona, 2005a), and also for the drafting of the “Plan de 
Ciclabilidad” (City Council of Pamplona, 2005b), a 
cycling mobility plan of the city. 
A year later, in 2005, these studies were extended throu-
gh a telephone survey conducted among the rest of the 
municipalities of the comarca (Government of Navarre, 
2006). Although this operation managed to cover the 
geographical area of  interest in order to compare the 
results with those obtained almost a decade earlier, 
neither process was methodologically robust, as the 
telephone survey was only conducted on people who 
were at home at the time of call, and also due to its short 
duration, they found that that the number of trips reca-
lled were overtly lower. 
The outcomes of these new studies, brought about the 
“Movilidad en relación con el transporte urbano en la 
Comarca de Pamplona 2006” (The Urban Transport 
Mobility in the Pamplona Comarca 2006) report, which 
was the fundamental basis for the drafting of the “Plan 
de Movilidad Urbana Sostenible de la Comarca de Pam-
plona” (Government of Navarre, 2008), an urban mobi-
lity plan for the Pamplona region, which was never 
approved.
Finally, in 2013, the last household survey was conduc-
ted, in this case commissioned by the Pamplona District 
Mancomunidad Association (2014), which is the most 
comprehensive and ambitious one conducted to date.
The fieldwork, carried out by the company COTESA, 
questioned a total 4,348 households, in which 11,363 
people resideded.
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In short, it can be concluded that of the three mobility 
surveys carried out in the Pamplona Comarca region, 
the ones in 1996 and 2013 were methodologically sound 
and, therefore, their results are comparable with each 
other. While those carried out in 2004 and 2005 were 
not, except for the City Council of Pamplona. 
When combining all the analysed household surveys, 
only the one carried out in 2004 by the City Council of 
Pamplona and the recent one in 2013 were able to 
provide information on the number of daily trips made 
by bicycle. The 1996 household survey did not 
disaggregate this means of transport (which is a 
significant point in its own right) and the survey 
conducted on the whole region in 2005 extracted such a 
small percentage of trips that it didn’t even provide any 
information. 
Cyclist surveys
The interest towards studying cycling mobility and the 
need to understand how the development is being 
carried out in Pamplona led to various surveys (specifi-
cally about this means of transport) to be conducted in 
the last four years (Table 2).
The pioneer, entitled “Estudio del Perfil del Ciclista 
Urbano de Pamplona” (a study on Pamplona’s urban 
cyclist profiles) was developed by Xabier Aquerreta in 
2013. The author of this work and member of the AMTS 
(an association of healthy forms of transport), conduc-
ted 420 face-to-face surveys with a comprehensive ques-
tionnaire that gives us a first glimpse at cycling mobility 
inside the city. 
It is highly significant that this work (which we later 
saw to be so crucial), was not carried out or promoted by 
the municipal authorities, but rather stemming from 
civil society, which is seemingly more concerned about 
these issues than the City Council itself.
A couple of years later, and again out of the public 
sphere, the LIFE+RESPIRA project gave rise to an on-li-
ne study entitled “Encuesta a ciclistas urbanos de Pam-
plona” (a survey of urban cyclists of Pamplona). The 
work focuses on a questionnaire, that managed to 
collect 473 responses between 2015 and the beginning 
of 2016 and had 80 questions, making it very compre-
hensive. 
To contextualize the data side by side, the same ques-
tionnaire was carried out, adapted to cyclists in the rest 
of Spain, which was disseminated with the collaboration 
of ConBici and other associations. 
That same year (2015), the City Council of Pamplona, 
conducted a survey on cyclists through The Bicycle 
Observatory. It was a short questionnaire, with only 11 
questions, that was answered by 259 people.
The scarce content of the survey and the very small 
number of responses that were obtained from it, makes 
one consider this work not to have provided any 
relevant information at all towards understanding the 
cycling mobility in Pamplona. 
Once again, the City Council of Pamplona carried out 
more work in 2017, entitled “Encuesta sobre hábitos de 
movilidad y valoración de la infraestructura ciclista 
actual” (a survey about mobility habits and evaluation 
of the current cycling infrastructure), where a total of 
1,021 people participated, answering the questionnaire 
through different means (50% online and 50% 
face-to-face).
The survey has some interesting points, like the fact 
that it managed to achieve a very high number of 
responses and it offers us a new perspective on cyclist 
mobility, almost two years after the previous survey and 
at a time when the use of this means of transport in the 
streets of the city saw a palpable increase. 
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The design is beset with significant methodological 
errors, since it is neither a general mobility survey (as is 
demonstrated by the fact that there were more than 30% 
of people who said they usually commuted by bicycle in 
the city), nor is it cyclist survey, given that 32.5% said 
that they never cycled. It therefore places it in no man's 
land, and altogether of little use for this reason. 
Nevertheless, if the answers that are solely related to 
cyclists were to be extracted, they could be used as a 
specific survey for this group of citizens, and their data 
would therefore be similar to that from the previously 
mentioned studies.
Table 2. Cyclist surveys conducted in the Pamplona Region. 
Surveys in commute attractor destinations.
The interest towards studying metropolitan mobility has 
led to the creation of several surveys in recent years. 
They were conducted in some of the main attractor 
destinations and were about what is known as “obliga-
tory mobility”, in other words, trips that are made for 
educational or work purposes. These specific surveys 
are without a doubt, another important source to take 
into account. 
The first survey to be highlighted was carried out at the 
Public University of Navarre in 2009 as part of its 
Sustainable Mobility Plan. A total of 269  students and 
110 employees of the entity completed the 20-question 
survey. 
The second survey that should be mentioned is the one 
promoted by an urban mobility plan from the Navarre 
University (“Sustainable Mobility Plan of the University 
of Navarra” (2012)). The university population back 
then was 10,635 people (86% students, 8% administra-
tion and service staff and 6% faculty). A face-to-face 
survey with 14 questions was compiled, that enabled a 
characterisation of mobility at the mentioned campus. 
The survey was conducted in December 2010, obtaining 
a total of 631 completed questionnaires, with 92% by 
students.  
Thirdly, it is worth highlighting the realisation of a 
survey about work commuting habits, which was 
conducted in 2013 on employees of the VOLKSWAGEN 
plant in Navarre. This company has one of the highest 
number of employees in the Autonomous Community of 
Navarre and is located in the Landaben industrial 
estate, just a few kilometres from Pamplona. The ques-
tionnaire was part of the diagnostic phase of a sustaina-
bility plan for commutes to work (Sustainable Mobility 
Plan) and consisted of 23 questions. It was conducted 
face-to-face on 4,500 workers, a figure that represents 
38% of the workforce (1,700 employees).
The last survey to be mentioned has two special featu-
res. It specialised in secondary school students and it 
was carried out on the initiative of LIFE+RESPIRA. The 
mobility survey was conducted online on 2,500 school-
children between the ages of 6 and 16, and over 600 
families belonging to 10 educational centres. There were 
34 questions in the schoolchildren’s questionnaire and 
25 questions for the family one. While there was a satis-
factory number of questionnaires achieved, it is howe-
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situation of the comarca region.  We know that the Pam-
plona District Mancomunidad Association is working in 
this direction. 
The contribution of all this work towards understanding 
the cycling mobility in the metropolitan area of Pamplo-
na is incomplete, as despite achieving a high number of 
surveys; the low percentage of cyclists back then, did not 
provide sufficient information to avoid considering 
specific studies. Even so, by extracting the answers that 
are solely related to cyclists, you can use them as a speci-
fic survey for this group of citizens, and their data would 
therefore be similar to that from the previously mentio-
ned studies and above all, its validity lies in its special 
contribution to the attractor destinations when plan-
ning and managing. 
Bicycle counts
The third largest type of study developed in Pamplona 
was bicycle counts (Fig. 1).
The first one was developed in 2015, in parallel to the 
survey work carried out by the City Council of Pamplo-
na. It was done manually, in just one working day and 
simultaneously in 14 sampling points throughout the 
city. The counters worked for 14 hours (between 7:30 
and 9:30 p.m.) and recorded a total of around 20,000 
bicycles passing.
The next bicycle count was carried out in 2016, taking 
reference to the previous one and with the aim of com-
plementing it. While some counting points were repea-
ted, others were new.
There was a total of 10 counting points, using the auto-
matic measuring method with rubber tubes, and there-
fore, measurements could be taken 24 hours a day, for 
several days.
In addition to these counts, other activities of a more 
specific nature and with more specific objectives were 
developed, 
Figure 1. The bicycle count points in the City Council of Pamplona in 
2015 (left) and the Pamplona District Mancomunidad Association in 
2016 (right).
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Between 2013 and 2015 Jesus Sukuntza, member of a 
healthy sustainable mobility association, (AMTS), 
carried out a long-term bicycle count at a fixed point at 
the Vuelta del Castillo with an hour’s measurement per 
week. The aim was to measure the changes in the flow of 
cyclists due to trends, seasonal changes, and meteorolo-
gical phenomena, etc.
More recently (at the end of 2017), Jesus Sukuntza 
himself promoted and coordinated a group of volunteers 
who counted in 6 points within the first extended area 
of Pamplona with the aim of analysing the cyclists' prefe-
rred movements in terms of the type of road on which 
they ride. The study counted passing bicycles for 2 
hours over the course of 3 working days. 
Finally, it is worth mentioning another type of bicycle 
count, which differs to the previous ones, whereby 
parked bicycles are counted as opposed to moving bicy-
cles. They have been carried out for years by Professor 
Arturo Ariño, from the Faculty of Sciences of the Univer-
sity of Navarre, which rely on the collaboration of inter-
ns studying Ecology.   
Work like this, which focuses on manually counting the 
number of passing bicycles at certain count points loca-
ted on bicycle lanes, and measuring the occupancy of 
parked bicycles, has the potential to be repeated in simi-
lar conditions for years, so the findings that can be 
obtained are of interest for longitudinal studies on the 
use of bicycles in Pamplona. 
Geolocation-based Tools 
The latest type of study developed in Pamplona are those 
based on ICT tools, which allow for a geographic positio-
ning, and, therefore, mapping of the cyclists’ routes. 
Both experiences that we are aware of, were developed 
linked to the LIFE+RESPIRA project itself.
The sensors that were used by the projects’ volunteer 
cyclists to record the air pollution values simultaneous-
ly showed their location in main streets of the city as 
they moved about. As can be seen in Figure 2, the 
Figure 2. Cycling mobility corridors recorded by the volunteers of the LIFE+RESPIRA project.
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millions of points recorded clearly illustrates the most 
important transport corridors, and, what is even more 
interesting is that it shows the location of the type of 
street in which the bicycles commute.
The second experience has to do with the LIFE+RESPI-
RA educational program and the work that was carried 
out with 10 educational centres to trace the routes the 
students take to go to school. In this case, the Wikiloc 
application was used and by filtering students who com-
muted by bicycle, we can obtain a fairly detailed map of 
their urban routes, albeit not that dense, due to the low 
use of this mean of transport.
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Conclusions
Bicycles have gone unnoticed in the urban mobility 
studies developed in Pamplona until very recently. There 
were hardly any studies focused on this mode of trans-
port and those of a more general nature were not taken 
into account. However, over the last five years there has 
been a growing concentration of works with different 
features (surveys, bicycle counts, etc.) which have 
allowed for great progress to be made in better unders-
tanding this phenomenon. 
This spark of interest in bicycle mobility (which was 
paralleled by the increasing importance of bicycles in 
the combined urban mobility in the city), has not always 
stemmed from public entities responsible for mobility 
panning and management, but rather from civil society 
and the university sector (at least in an initial stage).
As of today, there are many parallel works that in some 
cases overlap in time, but they have the disadvantage of 
not covering the whole range of desired aspects of mobi-
lity, nor are they methodologically comparable with each 
other.  
Rather than repeating the studies, a greater complemen-
tarity must be found between the works carried out by 
public institutions and private entities so as to lay the 
foundations for a comprehensive system to characterise 
bicycle mobility in Pamplona. 
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LIFE+RESPIRA: a cross-media 
communications campaign 
The Internet offers ample opportunities to spread the 
word through different formats and narrative methods. 
It takes away some of the limitations associated with 
traditional media, which place significant restrictions 
on portraying an accurate and effective representation 
of the environment (León, 2007).
The quality of the representation of environmental 
issues carried out by traditional media has faced a lot of 
criticism, including one of not being able to inform the 
public effectively or to engage citizens in the cultural 
shift that the planet demands. Against this background, 
the digital environment offers a more promising outlook 
as it allows the use of a wider range of media and 
storytelling forms, thus making it possible to show a 
more flexible representation (León, 2015).
In this process of involving the public, the role of scien-
tific institutions that work in various aspects of envi-
ronmental matters have now become relevant to an 
unwonted degree. Now research centres, citizens' asso-
ciations and environmental groups have new tools to 
better engage the public. 
Cross media communication
The actors of these new environmental communicative 
processes are well aware that it is no longer a question 
of producing content for a single means of dissemina-
tion, but rather to come up with transmedia strategies, 
which yield the best possible results of content designed 
for multi-channels. 
Indeed, in the digital world, every media outlet is no 
longer limited to disseminating content with just one 
type of medium (images on television, sounds on the 
radio, etc.), but rather opting, to a greater or lesser 
extent, to spread content through various formats, for 
example, all of them disseminate texts, photos and 
videos on their social networks. 
Thus, communication models arise, based on cross 
media strategies where they utilise content that is distri-
buted through multiple channels, using various media 
and formats, such as texts, images, videos and audios 
(Veglis, 2014). These contents are frequently designed 
following a joint strategy and are disseminated co-ordi-
nately across the different platforms.
As is well known, the Internet has evolved into Web 2.0, 
in which participation is becoming a fundamental com-
ponent, to the extent that it has radically changed the 
conventional producer-consumer model, opening the 
gate to what are known as “Prosumers”, who, as well as 
consuming content, also become an integrated part of 
the production process (Toffler, 1980). Thanks to the 
tools that make it possible, that long-held, legitimate 
aspiration of how to get public feedback is now more 
feasible than ever.   
The vertical and two-way models are giving way to 
another, in which horizontal interactions prevail. This 
makes it possible for a virtual community to emerge, 
whereby a complex network of relations is established 
between citizens and institutions with common inte-
rests.
The internet plays a key role in the communication of 
the environment, due to the ease of convergence with 
other media, the few constraints between the public and 
the private and its intrinsic orientation to individual 
users (Adams and Gynnild, 2013: 114). Moreover, this 
new paradigm is especially suitable for developing envi-
ronmental volunteering projects, because in this area 
“being visible is a prerequisite in getting more wides-
pread social recognition, facilitating volunteer involve-
ment and obtaining resources” (De Castro, 2002: 330). 
In this light, social networks establish themselves to be 
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Table 1. Communication actions by target audience.
instruments of great potential, as they facilitate contact 
between project managers and environmental volun-
teers, opening up vast opportunities to communicate, 
grounded on proximity and feedback (Adams and Gyn-
nild, 2013: 116).
LIFE+RESPIRA’S communication plan
As articulated previously, LIFE+RESPIRA was designed 
in a way that the citizens were key actors in the 
research, whilst also being the direct beneficiaries of the 
results. The characteristics, nature and way in which 
the research was carried out made communication one 
of the key elements of this project, since it proved 
crucial in educating and informing the various target 
audiences. As a result, an ambitious cross-media plan 
was implemented, which included over one hundred 
actions over three years of research, conducted by a 
cross-functional team made up of environmental-com-
munication, advertising, marketing, social-network, 
and audio-visual production specialists.   
In line with the project’s overall approach, the commu-
nication plan seeks to educate and sensitize on the 
importance of air quality, disseminating the results 
obtained from the research, as well as raising awareness 
of the convenience of using bicycles as a means of urban 
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Figure 2. The human bicycle in the Town Hall Square of Pamplona. 
Photo by Manuel Castells.
There were 5 different target audiences in the communi-
cation campaign: 
1.The scientific community: an interdisciplinary 
group made up of more than 32 researchers and 
specialists from a variety of disciplines involved in 
the project: Environmental Chemistry, Mobility, 
Ecology, Bioinformatics, and Environmental Com-
munications.  
2. The Project volunteers: 121 men and 79 women 
between the ages of 18 and 71 whose involvement 
was one of the core elements in carrying out the 
investigation. 
3. Citizens with a great deal of interest in environ-
mental issues: people who are highly aware of and 
fully engaged and committed to environmental 
issues, including regular cyclists, as well as mem-
bers of environmental groups and associations. 
 
4. public institutions and administrations: key 
actors in urban air quality and mobility manage-
ment. 
5. The public at large: target audience through social 
media and other activities.
There were a variety of communication actions aimed at 
the volunteers (Table 1). We organised face-to-face 
events, information boards, brochures and printed 
material, press releases, videos posted on YouTube, 
radio programmes on the local 98.3 station and the 
University of Navarra, information posted on the 
project’s own website, and stories and posts on Face-
book and Twitter. We also maintained ongoing contact 
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Figure 3. The project’s website, designed by Juan Boronat (Ojo de Pez 
Comunicación).
via email between the research team and the volunteers.
The communications addressed to the scientific commu-
nity were shared at over 20 congresses held in various 
countries. The final closing seminar, held in Pamplona 
on 12th and 13th December 2017, proved useful as a 
framework to present the main results of the research. 
As for the volunteer-targeted communications, the first 
few months of the project saw a particular focus on 
recruitment and attracting attention. Of note among the 
communication material used was a video 
(https://www.youtube.com/watch?v=vV--l1135KA) that 
was posted and broadcast on the YouTube channel and 
on the project’s social network pages, a flyer (Fig 1.) 
and panels with similar information to the flyers that 
were attached to the bikes located in different parts of 
the city. This campaign enabled us to reach the total 
amount of 150 volunteers in the first eight months of 
the project, which exceeded the initial estimates. 
Once the group was created, we maintained continuous 
communication and follow-up with the volunteers via 
phone calls and emails with the aim of consolidating the 
group and encouraging involvement in the project. We 
also held face-to-face meetings and events, such as a 
bicycle march through the city, ending up in the Town 
Hall Square of Pamplona, where the volunteers gathered 
to form the shape of a large bicycle (Fig. 2).
The communication aimed at the environmentally-cons-
cious community was primarily channelled through the 
website and social networks. The website: (www.liferes-
pira.eu), which was available in Spanish, Basque, Engli-
sh and French gained more than 16,000 users and recei-
ved over 43,000 hits in December 2017 (Fig. 3).
There was active participation in the social networks 
sites throughout the whole project. Our Facebook profile 
received 1500 likes and the Twitter profile reached over 
860 followers by 31st December 2017. Some noteworthy 
pieces of material produced in-house and relayed throu-
gh social networks were 20 1-5-minute videos posted on 
YouTube, which between them reached a total of 6,700 
views. We also created a document about the research 
project, which was shown in specialised seminars and 
distribution platforms on the Internet.
The communications that were aimed at the public insti-
tutes consisted of numerous meetings with public enti-
ties, such as the City Council of Pamplona and the Pam-
plona District Mancomunidad Association, where the 
project was disseminated and promoting various forms 
of collaboration.    
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Figure 4. Publications in the national press.
Lastly, LIFE+RESPIRA tried to reach out to the public at 
large, primarily through mainstream media. To dissemi-
nate the project’s process and results, we called eight 
press conferences and released 15 press releases. The 
project was covered by more than 130 local and national 
media outlets (press, radio, television and digital media) 
with an estimated global audience of over 10 million 
people. Some noteworthy material about LIFE+RESPI-
RA published by the national media include: online 
editions by the EL País and La Vanguardia newspapers 
(Fig. 4), as well as the news on channels Tele 5 and La 
Cadena Ser. 
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Education programme on the 
quality of air and sustainable 
mobility
Childhood and mobility
Mobility is one of the main factors that determine the 
characteristics of a city: the landscapes, noise, air quali-
ty, commerce or even the relationships that develop 
between citizens. Thinking about the type of mobility 
model we want is like asking ourselves which style of 
city we choose to live in and pass down to our children. 
Motorised transport is the part of the urban system that 
most conditions the morphology of the city. The layout of 
neighbourhoods and local urban settings, such as the 
spaces surrounding education centres depend largely on 
the organisation of motorised traffic. It makes sense 
then that a lot of the changes in social behaviour which 
undermine the quality of communal areas and the deve-
lopment of coexistence stem from motorisation. In a 
study carried out in the streets of San Francisco in the 
seventies (Appleyard and Lintellen,1972), they found 
that there was a proportionately inverse relationship 
between the levels and intensity of traffic in the streets 
and the quality of neighbourly relations. The authors 
examined the harm that busy roads in neighbourhoods 
cause and found that the higher the speed and number 
of vehicles on the roads, the fewer the social contacts 
people had in those areas. 
Children are particularly hard hit by the effects of urban 
transformation caused by motorised transport. They 
miss out on playing in the streets, getting about inde-
pendently, including themselves in society and contribu-
ting to family life. 
As far as children’s health is concerned, we know that 
allergies, particularly respiratory problems are the 
direct result of air pollution. According to the WHO (in 
2017), every year 570,000 children under the age of 5 
die from respiratory problems, such as pneumonia, 
attributable to air pollution, and second-hand smoke. 
Furthermore, research in neurological health confirms 
that it also inhibits their cognitive development (Morta-
mais et al., 2017).
Besides poor air quality, other factors that are associa-
ted with urban transformations, such as noise pollution 
or not having direct visual contact with natural mate-
rials (trees, plants, earth...) contribute to stress and 
inattentiveness (Kahn y Kellert, 2002; Dadvand, et al., 
2015; Sunyer et al., 2015). 
On the other hand, commuting by foot, bicycle or other 
active means of transport is a great opportunity to 
promote physical activity for the general public, especia-
lly for children and the younger generation. Almost half 
of the children and young people in Spain didn’t meet 
the recommendations with regards to physical activity 
(FIN, 2016). Getting exercise by walking and cycling to 
school prevents obesity problems and is also reflected in 
school children’s concentration levels. 
The future of our cities depends on children and their 
education. The reference by Italian sociologist and peda-
gogue, Francesco Tonucci and his work: "The Children’s 
city” (1996) are well known. In this project, he propo-
ses a broad-based rethinking of the city, whereby 
children’s perspectives are taken into account, letting 
them have a say in their future. 
In the wake of all these approaches, guides and other 
accompanying technical documents have been develo-
ped, which aim to facilitate and boost the development of 
mobility-related experiences in children and young 
people in cities (Schollaert, 2002, Román and Salís, 
2010, Román, 2013). 
There are many education centres or municipalities 
themselves that are aware of this, and are working to 
promote sustainable daily commuting to school (Fig. 1), 
either with the roll-out of school routes or with other 
initiatives (Sustainable Mobility Plans to education 
centres, etc.).
86
The LIFE+RESPIRA educational program
The school community is ideal for replicating this initia-
tive, setting standards in the quality of air and mobility, 
having a significant multiplier effect on their families 
and on society as a whole. On the basis of this, environ-
mental education was the cornerstone in the 
LIFE+RESPIRA project. 
With the twofold objective of sensitizing young people 
about the importance of the quality of air in cities, (toge-
ther with its related factors, such as management 
policies, urban model planning etc.), and adopting 
sustainable and healthy mobility habits, LIFE+RESPI-
RA developed an educational project called RESPIRA: 
“Fresh Air For An Educational, Health And Safe City” 
(Fig. 2), which was offered during the academic year 
2016-17 to compulsory secondary-education and 
third-grade primary school students who live in Pamplo-
na and the surrounding region.
It is important to note that the mentioned educational 
programme was backed by the Department of Education 
of the Navarre Government and the City of Navarre’s 
school committee. We also benefited from the collabora-
tion of Mancoeduca, a renowned environmental educa-
tional programme, created 25 years ago by the Pamplona 
District Mancomunidad Association (MCP), a local insti-
tution in charge of public transport. 
The didactic project contains a set of goals that are listed 
below: 
Acquiring knowledge about air quality, the urban 
determining factors that are related to it, and how 
health is connected. 
Acquiring scientific, technological, social and com-
municative skills and competencies which are 
linked to the development of the didactic sequence 
in which various elements and materials intercon-
nect.  
Fostering their creative and imaginative skills to be 
able to tackle and resolve the urban environmental 
issues so that they can implement it in the school’s 
immediate surroundings.
Adopting citizenship skills both for now and for the 
future, as it paves the way for children and young 
people to participate in the process of environmen-
tal improvements of the city. 
Figure 1. Initiatives to promote sustainable mobility
Figure 2. A teaching guide of the LIFE+RESPIRA didactic project and 
the Mancoeduca website where the RESPIRA workshop was offered.
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The educational program includes the following 
activities:
1. Training sessions for secondary school teachers and 
Mancoeduca staff, in which teachers are taught by 
researchers from LIFE+RESPIRA on air quality and 
sustainable mobility know-how. 
2. Research and awareness-raising talks and works-
hops, whereby the students themselves think about the 
urban surrounding of their schools under the supervi-
sion of an expert in environmental education or one of 
our LIFE+RESPIRA researchers. These one-hour talks 
were held in the classrooms at their educational centres 
and were given by the project’s researchers and staff 
from Mancoeduca that had been specially trained on the 
matter. Each workshop was divided into the following 
main parts: 
a) Analysis of the students' mobility habits and their 
implications at different levels (city, landscape, 
health, etc.). 
b) A walk along the pedestrian routes in the imme-
diate surroundings of the school with analysers 
from the LIFE+RESPIRA project, to collect data on 
pollution. 
c) Characterization of the urban environment 
around the educational centre: identifying problems 
and coming up with proposals.
d) Analysis of the information (Fig. 4) collected 
from the sensor using a range of material (maps, 
orthophotos etc.)   
e) The search for creative and practical solutions, 
which could be of a different nature, given that the 
subject can be approached from diverse disciplines, 
and/or using a variety of techniques (Fig. 5). This 
phase was only carried out in some educational 
centres, where they voluntarily agreed to develop a 
research project linked to LIFE+RESPIRA. The 
students involved worked like actual researchers. 
Figure 3. The walk taken by secondary students along the pedestrian 
route in the immediate surroundings of their education centre.
Figure 4. Reflecting on urban environmental problems is an essential 
part of the learning process.
Figure 5. The proposals are highly diverse and require a great deal of 
imagination and creativity.
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3. Surveys. Surveys on mobility (Fig. 6) were conducted 
online by schoolchildren and their families, which ques-
tioned - among other things - their view on the journey 
that the students take in their daily commute from their 
homes to school. The education centres that participated 
provided real-time information of the results of the 
survey using Google Drive as access. This privileged 
information will allow them to design an ad hoc solution 
for each case. 
4. Analysis of journeys. The students identified the 
routes they took in their commutes to school using 
various digital platforms, which enabled them to deve-
lop what we call a “commuting web”, which is nothing 
more than the joint mapping of each of the routes taken 
by the students.  
5. Activities with the school’s parents’ association. A 
creative urban workshop aimed at families was offered 
to the school’s parents’ association, which was held at 
The Navarre University Museum, followed by the possi-
bility of visiting the museum’s collection of exhibitions 
and the building. 
Main results 
More than 2,000 students between the ages of 10 and 
16, belonging to 31 different education centres in Pam-
plona and its surrounding region participated in talks 
and workshops assigned to the LIFE+RESPIRA educa-
tional project. The 94 activities were given by either the 
staff at Mancoeduca, (7 educators and technicians were 
specially trained by LIFE+RESPIRA’s researchers for 
this purpose) (Fig. 7) or by the LIFE+RESPIRA scien-
tists themselves (apart from the activities held at The 
Navarre University Museum).  
Of the total students, around 800 from 10 different 
centres received more thorough training and even deve-
Figure 6. On-line surveys carried out on both students and their 
families.
Figure 7. Teachers receiving the training.
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loped particular school projects based on workshops led 
by their own teachers (16 in total), which were specially 
trained beforehand by LIFE+RESPIRA staff. During 
these school projects, they came up with proposals to 
increase safety and convenience for pedestrians and 
cyclists, improve the signposting and design of public 
areas, ways to limit their journeys using private vehi-
cles, and to redesign and beautify urban street furniture 
(Fig. 8).   
The educational programme designed and implemented 
by LIFE+RESPIRA was extremely well received by the 
teachers involved, because they regard proximity as a 
factor that truly impacts students. This very high level 
of satisfaction among participating schools ensures, in 
part, the future continuity of the programme once the 
LIFE+RESPIRA project has completed.
The proposals were followed through to a greater or 
lesser degree, depending on the particular efforts made 
by each centre.  
The work and proposals made by the 10 educational 
centres that were most involved were later presented at 
a conference that was held at the Navarre School Com-
mittee’s headquarters before the completion of the 
Figure 8. An air quality measuring station belonging to a network of 
control stations owned by the Navarra Government being beautified 
by high school student’s own designs. By doing this, it showed the 
locals what it is used for, whilst also promoting responsibility in the 
students.   
Figure 9. A forum of participation of schoolchildren, accompanied by 
their teachers and researchers from the LIFE+RESPIRA project 
together with public entities. The students share their reflexions and 
proposals to the competent authorities. Source (left image): 
http://www.navarrainformacion.es/2017/06/18, (right image): 
https://pamplonaactual.com/alcalde-pamplona-recibe-las-sugerencias-l
os-escolares-mejorar-la-calidad-del-aire-la-capital/
INDICATORS FROM THE LIFE+RESPIRA EDUCATIONAL PROGRAMME
31  educational centres in Pamplona and its surrounding region participated in the activities of the educational project. 
16  teachers were specially trained and participated in the project by directing it to the students.  
2014  students participated in the educational projects’ activities. 
10  education centres directly participated in the project, developing a school project. 
800  student researchers participated in the educational project.   
7   Mancoeduca educators and technicians were specially trained. 
4   activities for the school’s parents’ association. (3 workshops in the Navarre University Museum and 1 meeting. 
94  training events developed (involving the 2014 students).  
2500  surveys conducted by students and 600 by parents. 
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LIFE+RESPIRA project. During this meeting, the 
students had the chance to showcase their ideas and 
findings to the highest authorities of the City Council of 
Pamplona and Villava, the Pamplona District Mancomu-
nidad Association and the School Committee, as well as 
The Directorate-General for Education and Environ-
ment of the Navarra Government.  
The students, who were accompanied by their teachers 
(Fig. 9), publically presented their proposals that they 
had developed in their schools as part of the education 
programme, and handed the Mayor a dossier with all the 
gathered information from their projects. 
Below are the main results of the school mobility 
survey: Survey 1 was completed by 2,500 schoolchildren 
between the ages of 6 and 16 and over 600 families, 
belonging to 10 education centres.  
The survey found that the percentage of students that 
commuted to school by car equalled that of those who 
used non-motorised means of transport (41% by foot 
and 2% by bike, with the remaining 14% who commute 
by bus). It should be noted that the modal split of jour-
neys taken by the students in their commutes to school 
is one of the common European voluntary indicators 
included by the European Commission in the “Towards 
a Local Sustainability Profile” proposal, (a Working 
Group, who measure, follow up, and evaluate local 
sustainability, a group of experts in Urban Environ-
ment, 2000), whose objective is to support local authori-
ties by providing comparable and objective information 
on the progress made in the area of sustainability in 
Europe as a whole. 
Based on the responses received, if it were up to them, 
31% of the students would go to school by bicycle (a 
percentage that is far surpassed by other studies (Dekos-
ter and Schollaert, 2000)), and 30% would opt to go by 
foot. If their desires were to be fulfilled, the number of 
pedestrians would fall, giving way to more cyclists. 
What is interesting to highlight is that there were dispa-
rities in the students’ preferences, depending on whe-
ther they were in primary school or high school. The 
appeal of going by bike declined with age, dropping from 
42% to 28%, although commuting by foot increased 
(from 24% to 34%), without offsetting the difference. 
However, it is also apparent that less than a quarter of 
the student s wished to commute to school by car (Fig. 
11).
Figure 11. Modal split of journeys that the student wished to use in 
their commutes from home to school.
Figure 10. Modal split of transport that the students of Pamplona and 
the its surrounding region use in their commutes from home to their 
education centres.
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By foot 











By illusory means of transport
Figure 12. School children commuting to school by bicycle.
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SCHOOL CHILDREN who commute by car; why don’t you go by foot or by bicycle?
I live far away
Bad weather
I have a long walk
My parents do not let me
There is no bicycle lane from my house to the centre
I have to go up hills
I might be run over by cars
I don’t think about it
I am scared
I do not like cycling 
Others (I take advantage of the journey my parents take by car, 
I cannot park the bike in the school premises   
Laziness
(or I think its unsafe)
I do not have a bike etc.)
The reasons the students gave for commuting by car 
instead of using active means of transport varied greatly 
(Fig. 12). These are the most common (in order): 
distance, weather conditions, and carrying weight. 
These three reasons make up half of the responses. 
Some other reasons mentioned were down to infrastruc-
ture (no bike lanes, having to go up hills, not having 
anywhere to park their bikes at school, or they thought 
it was unsafe, etc.) and others, such as ‘my parents do 
not let me’, ‘it scares me’, ‘I do not like walking or 
cycling’ etc.).
There are practically only three reasons given by 
parents for taking their children to school by car (which 
make up 95% of the responses). In the following order: 
‘I make the most of my commute to work by dropping off 
my children by car’, ‘we live too far away from school’, 
‘it’s the most convenient way’.   
When it came to their views on air quality, one out of 
every 2 students said that they had experienced air 
pollution on their way from home to school. Although 
the difference is small, those who cycle were more sensi-
tive in this regard. This data could be surprising for a 
city like Pamplona, which is, a priori, not especially 
“polluted”. This is explained by the influence of the 
educational project itself, since if we compare the 
students’ responses with those of their parents who 
were not trained on the issue (around one out of every 
three), there were substantial differences. Furthermore, 
this data is also in line with the results of the Opinion 
Poll on pollution carried out by LIFE+RESPIRA.
Moving on to another activity, the analysis of students' 
commutes provided a detailed picture of the most 
frequented streets and squares by the school children in 
the participating schools who walk or cycle (Fig. 13). 
If required, this information allows for detailed project 
work to be done on road safety, school routes, beautifica-
tion of the immediate surroundings of the education
centres, etc. This information generated as part of 
LIFE+RESPIRA can be of use to other future projects, 
driven by the schools themselves, or by Public Adminis-
trations. 
Figure 13. Routes taken by students walking or cycling from their 
houses to school.
Figure 14. Parents and children during the creative workshop given 
at The Navarre University Museum. 
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Regarding the activities with the school’s parents’ asso-
ciation, a talk was given by members of the Mancoeduca 
staff in the education centres. In addition to the activi-
ties carried out in schools, four workshops 
aimed at families were held in The Navarre University 
Museum under the framework of the educational project 
(Fig. 14). They served to raise awareness among both 
adults and children in a creative and artistic context on 
the environmental impacts caused by our mobility choi-
ces.
Conclusions
Childhood is a crucial time for adopting and consolida-
ting good habits that can be reverted back into the city. 
This educational initiative has helped to raise awareness 
and sensitize children and young people about the 
importance of air quality and adopting healthy and 
sustainable lifestyle habits so as to improve the quality 
of life of their cities, where they can play an active role. 
Not only did they act as the drivers of change in sustai-
nability-related issues in their schools, but they also 
took part as active citizens, sharing their views and 
proposals to the competent authorities. 
RESPIRA: “Fresh Air For An Educational, Health And 
Safe City” is an innovative proposal which allowed 
children and young people, as well as educational com-
munities to get involved in the LIFE+RESPIRA project, 
to drive forward information, and training and encoura-
ge the adoption of healthy and sustainable mobility 
habits that contribute towards urban transformation. 
It is an integrated didactic project (1), as it promotes 
interaction among the education centres and also 
between them and the project’s researchers and the 
volunteers, encouraging involvement and the experi-
mentation of the benefits of the collaborative work and 
networking; and flexible (2), since centres concerned 
were able to approach the research from varying pers-
pectives and adjust the temporal sequence according to 
their programme interests. The centres boosted changes 
in infrastructures and habits using a more scientific, 
creative, or more participatory approach. The obtained 
results may also serve to support other related projects, 
such as safe school routes, or sustainable mobility plans 
for school commutes. 
The integration of the LIFE+RESPIRA educational 
project in Mancoeduca allowed part of the educational 
activities to continue beyond the precise duration of the 
project. A milestone for the LIFE project was when The 
Pamplona District Mancomunidad Association offered to 
extend the LIFE+RESPIRA workshop for this and 
probably other future academic years. This collaboration 
also enabled strengthening of relationships between 
institutions and the transport authorities of the Pamplo-
na metropolitan area, which will help to implement our 
educational project.  
SUGGESTED IMPROVEMENTS
Development of school route projects that inspire and 
engage families, teachers, Public Administrations and other 
actors involved.
Development of sustainable mobility plans for education 
centres in line with the implementation of sustainable mobi-
lity policies. 
Promotion of versatile didactic projects. Due to their 
cross-sectional nature, air quality and sustainable mobility 
are topics that can be addressed in different subjects at 
school, (Physics, Chemistry, Citizenship, Ethics, Social 
Sciences, Biology, etc.). The school management and faculty 
have the opportunity to approach the didactic project from 
the perspective that best suits their circumstances. 
To guarantee the continuity of didactic projects that are 
performed in a LIFE research context, or of another nature, 
seeking collaboration with a platform such as The Pamplona 
District Mancomunidad Association (in this case) is highly 
recommended, guaranteeing its continued implementation. 
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